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ABSTRACT 
 
 
The International Energy Agency states that the world will need at last 50 percent 
more energy by 2020 (Thongbai et. al. 2006). This problem is especially acute in Sub-
Saharan Africa.  This region faces especially great food vs. fuel tradeoffs.  Discerning 
whether land would be better used for continual land production to meet food 
consumption for a society needs or whether bioenergy production has the potential to 
increase foreign exchange in hopes of increasing food security are very important 
questions to consider.  Arnt et al. conducted an economic analysis using a Computable 
General Equilibrium Model of biofuels in Mozambique. They find that biofuels 
production can enhance economic growth and reduce poverty.  They conclude that over a 
12-year horizon, approximately 36,000 and 55,000 manufacturing jobs can be created in 
the ethanol and biodiesel sectors, respectively.   
 
Using this article as a template for issues that Sierra Leone faces also, I use a 
Partial Budget Analysis (PBA) and Microeconomic Analysis (MEA) to determine an 
economic analysis for biodiesel production from palm kernel and fruit oil.  I focus on 
how potential biodiesel production from palm fruit oil could affect food security and 
poverty in the country.  I find that the feasibility and profitability of small-scale biodiesel 
production is sensitive to wage rates and input prices.  Biodiesel produced from palm 
kernel oil can be profitable given the correct circumstances.  I also find that opportunity 
cost of diverting palm fruit oil away from food to biodiesel is quiet high and seemingly 
unprofitable in most cases. 
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CHAPTER 1: INTRODUCTION 
 
1.1 Background: Biofuel Production and the Potential Value in Africa  
 
1.1.1 The World State of Energy 
The circumstance of fuel for energy consumption has drastically changed in the 
last few years.   World fuel demands have increased while crude oil supplies are still 
limited.  As of late, oil prices have declined yet new fuel needs are still alive.   The 
International Energy Agency states that the world will need at least 50 percent more 
energy by 2020 (Thongbai et al. 2006) and greater emphasis has been placed on deriving 
alternative fuels to meet future needs.  One popular option, in existence since the 1940s is 
ethanol combined with gasoline, known as biofuel1.  Biofuel has become a popular 
alternative fuel because it is said to emit less greenhouse gases (Eijck and Romijn 2007). 
With increased fuel demand soon to come coupled with limit time to meet the needs, 
many countries, including developing countries are beginning to experiment with ways to 
become more fuel self-sufficient. 
 
1.1.2 Jatropha: A Common Biodiesel Feedstock 
The jatropha plant, a native of Central America, is commonly used in developing 
countries to produce biodiesel. The plant grows between 5 to 7 meters in height and has 
smooth leaves, 10 to 15 cm in length (Achten et al. 2008).  The jatropha flower bosoms 
once per year during the rainy season and can live in marginal land areas with at least 600 
mm of rainfall per year (Henning 2004).  The plant cannot tolerant frost conditions and in 
those instances will shed its leaves to reduce transpiration loss (Achten et al. 2008). Once 
planted, it can take up to 5 years to mature with a life expectancy of up to 50 years. 
 
The main cultivation methods for biodiesel production include “direct seeding, 
pre-cultivation of seedlings (nursery raising), transplanting of spontaneous wild plants 
and direct planting of cuttings” and seed yields range from 0.1 to 15 tons per hectare per 
                                                      1 Biofuel is defined as any solid, liquid or gaseous fuel produced from organic (once-living) matter.  More 
commonly, biofuel is made from corn, soybean or sugar-cane   
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year depending on the region (Kuman and Sharma 2008).  Most African regions are at the 
upper end of this range. The jatropha seed is popular in African countries such as 
Tanzania, Mali and Uganda where it is used as a boundary plant (it is toxic and animals 
will not eat the seed) and soap making and medicinal uses in rural communities.  
Biodiesel from jatropha is produced mostly in India and the majority of recent studies 
focus on Indian production. Kenya recently received substantial investments from 
Japanese investors for biodiesel from jatropha production. The potential benefits for the 
rural sector of Kenya from production include availability of cheaper energy sources, 
income creation and new job generation (Kalusa 2008). 
 
1.1.3 The Potential of Biodiesel from Oil Seeds 
Extensive research on the potential of biodiesel from jatropha in India and Kenya 
has been done though little research exists from biodiesel production of other oil seeds 
(Crabbe et al. 2001), making my research all the more imperative.  According to Crabbe 
et al., oil seeds2 have the greatest potential to supplement crude oil and promote 
bioenergy production.  For years, seed oil has been used3 as an alternative to diesel fuel 
because heating characteristics of the two are similar given they undergo 
transesterification, discussed in detail in Chapter 5.  Crabbe et al. also suggest that oil 
seeds for biodiesel production resulted in a “…substantial reduction of unburned 
hydrocarbons, CO and particulate matter emission when it is used in a conventional 
diesel engine.”  What is more, the authors state that because seed oil biodiesel is 
vegetable oil based, the CO2 emissions are far smaller, saving in green house gas 
emissions even more. 
 
1.1.4 Oil Palm and Its Potential for Biodiesel Production in Sierra Leone 
The palm tree, indigenous in Sierra Leone and many other African countries 
grows freely throughout the nation.  Two main types of palm oil can be derived from the 
palm fruit, palm fruit oil and palm kernel oil.   Palm fruit oil is an important staple in 
Sierra Leone, used mostly for food purposes (Kamara 2010) while palm kernel oil is used 
                                                      
2 Such oil seeds include canola seeds and palm oil seeds. 
3 Though the amount of seed oil discussed in Crabbe et al. 2001 is relatively small, the authors still suggest 
that with proper research and analysis, the potential remains. 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for soap making and medical purposes (Koroma 2010).  In the last two years, palm kernel 
has been used at a very small level for biodiesel production in Sierra Leone and to my 
knowledge, there is only one small-scale producer of biodiesel in the country.  I had the 
pleasure of interviewing him and will discuss his production processing in detail in 
Chapter 5.  
 
1.1.5 Why a Biodiesel Market May be Valuable in Sierra Leone 
Some literature suggests that biodiesel production from oil seeds hold the 
potential of increasing energy needs in developing countries (Asonye et al. 2009; Crabbe 
et al. 2001; Arndt et al. 2009).  Unlike fossil and crude oil reserves that are limited, 
different parts of the world have an abundance of certain oil seeds, giving these regions 
an advantage in biodiesel production.  Malaysia has already shown the oil palm industry 
to be a capable one as the largest producer of crude palm oil in the world (Crabbe et al. 
2001).  Sierra Leone is among country’s that have a wealth of palm plants.  At present, 
research being conducted by Njala University, Bo Campus and by the Ministry of 
Energy, Power and Water in Sierra Leone about the possibilities of biodiesel production 
from palm kernel oil and algae.    
 
The Human Development Reports (2009) states that Sierra Leone, ranked last out 
of 177 countries in the Human Development Index, as the poorest country in the world.  
The website goes on further to state that “[Sierra Leonean] levels of health, nutrition, 
education and food security are inadequate” and therefore make is quiet difficult for the 
country to fight the food insecurity crisis alone. The palm oil market may have the 
potential to increase this society’s overall poverty status. Employment status’  have been 
showed to correlated with income and thus poverty (Flores 2004).  Poverty is also most 
frequent among those people who are inactive in the work force and since the end of the 
civil war in Sierra Leone, employment has been at an all time low (Flores 2004).  
Furthermore, poverty is also highest for those who are self-employed and are small 
farmers in developing countries, especially African countries because of the rainy and 
drought seasons which make it difficult to plant and harvest year around (Komora 2010).  
The biodiesel industry could potentially create jobs for local Sierra Leonean villagers 
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through labor-intensive production processing.  Moreover, a generation of average labor 
hours with decent wages could be beneficial to local communities.  Included in the above, 
increased job availability would positively affect the economy’s income allowing 
households the ability to command access to food.  Together with accurate government 
interventions and programs, the biodiesel market could help elevate the country out its 
current poverty trap.  
 
1.2 Motivation for the Research: The Problem of Biofuel in Sierra Leone 
 
Although positive reasons for biodiesel production in Sierra Leone exist, delicate 
issues that the country faces need be understood and addressed before any interventions 
are made.  Sierra Leone is a unique country with unique issues and biofuel research 
should address the country’s specific concerns.  These concerns include food security, 
poverty and employment issues.   My research seeks to address these types of issues 
through the use of theoretical and empirical framework for a biodiesel market in the 
country.  Moreover, my research helps to understand the link between biofuel production, 
food insecurity and current government policies in Sierra Leone .   
 
1.2.1 Poverty and Employment Issues in Sierra Leone  
Conflict and war are closely related according to Flores (2004) who advises that 
the civil war Sierra Leone faced for a decade as the biggest attribute to poverty and food 
insecurity.  The author states a necessary condition for recovery from conflict is “…the 
[ability] to secure the food and nutrition requirements of a population...” The economy, 
virtually destroyed during the war, is slowly rebuilding yet food needs are steadily 
increasing.  Before the war, agriculture’s part in gross domestic product (GDP) was 
almost 50 percent and after the war ended, the destruction of agricultural had huge 
impacts on the country’s food availability and it’s workforce.  Without a viable 
workforce, not only did employment decrease but agricultural production plummeted. 
Koroma (2009) states that poverty is common in the food crop sub-sector.   
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1.3 Policies that Address these Issues  
 
There are government policies in place that address the concerns discussed above, 
but those policies are far and few.  I discussed these policies with Dr. Bashiru Koroma, 
the Agriculture Director at the School of Agriculture at Njala University in Sierra Leone.  
Unfortunately, I have been unsuccessful in receiving hard copies of the policies but the 
following section discusses what I learned about various agriculture and energy policies 
through communications with Dr. Koroma.  The policies include a food security and 
energy policy. 
 
1.3.1 Food Security and Energy Policy 
As mentioned before, palm oil from fruit is a staple food in the country, used by 
an estimated 95 percent of the country for food use (Koroma 2010).  For that reason, 
Sierra Leone has had a food security policy in place for years prohibiting the use of palm 
fruit oil for any other uses than food purposes.   Though palm kernel oil is allowed for 
biodiesel production, is currently against the law to use palm fruit oil.   
 
In terms of energy policies, there are few and no biofuel policies.  There is on-
going research at the university and ministry levels, which Dr. Koroma explains as the 
“re-thinking phase” of biofuels.  He explained that Njala professors and researcher are at 
present exploring the bioenergy prospective in the country for 2nd and 3rd generation 
crops such as jatropha and algae, respectively.  Moreover, because there are currently no 
bioenergy policies in place, there are no clear incentives for biodiesel.      
  
1.3.2 A New Policy: Palm Fruit Oil for Biodiesel Production 
Palm kernel oil is more difficult to process than palm fruit oil because of the 
machinery requirement and specific methods needed for oil extraction.  Palm fruit oil, 
however, is easily extracted.  If biodiesel production in Sierra Leone possesses such great 
potential for job creation, income distribution, and increased use of domestic fuels 
decreasing costs of import fuels, it may be beneficial to consider all options for optimal 
production and use of palm oil for biodiesel production.  This paper looks at the 
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possibility of using both kernel and palm oil for biodiesel production then considers the 
economic implications of such.    
 
1.4 Objectives of the Paper 
 
The potential for biodiesel is possible, yet no current empirical analysis has been 
completed to show the costs and benefits of promoting a market in Sierra Leone.  It is 
important that such investigation be done before heavily investing into the promotion of 
biodiesel in the country.  Questions of whether this new market will truly benefit Sierra 
Leone and its people, whether the benefits of the biodiesel market out weight costs, if any 
existence, and whether production can be done in a feasible manner need to be addressed. 
If biodiesel production is possible in Sierra Leone, it is important that adequate analyses 
are done, which help to ensure that society as a whole is better off from a biodiesel 
market.   With continually increasing food prices in Sierra Leone, and the strong 
correlation between the poor and consumption of palm fruit oil, it is also important to 
consider policies that could improve food security with an amplified biodiesel market.  
Furthermore, the efficient and effective use of Sierra Leone’s natural resources for 
biodiesel production is of great concern.  Last, it would be ideal that the market be 
sustainable for future generations, and not hinder citizens either socially, economically, 
environmentally or politically in years to come.  The key research objectives of this study 
are as follows: 
 
To determine the welfare effects of Sierra Leone’s society if the current government 
policy were lifted, allowing palm fruit oil to be used for biodiesel production: 
A. How might this policy change effect different households depending on their 
production and consumption patters of palm fruit oil? 
B. Theoretically, could this be profitable?  Under what circumstances? 
To discuss the feasibility and profitability of a small-scale biodiesel production firm in 
Sierra Leone: 
A. Is the firm’s production of biodiesel able to compete with the world price of 
diesel?  The domestic price of diesel? 
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B. How sensitive are production costs to labor wage? 
C. Empirically, could this be profitable?  Under what circumstances? 
 
1.5 Methodology 
 
The three methodologies I use in my thesis include: qualitative interviews,  partial 
equilibrium analysis and  partial budget analysis. 
 
1.5.1 Qualitative Interviews 
During my travels in January 2010 to Sierra Leone, I was able to meet with 
businessmen and university officials to conduct interviews concerning their thoughts on 
bioenergy production, policies and food security in the country.  I was also able to 
interview a small business owner, Mr. Foday Karma, who is currently producing 
biodiesel from palm kernel oil in a profitable manner. I interviewed Dr. Bashiru Komora, 
the Director of Agriculture at Njala University about different policies in the country as 
stated previously in the introduction.  My travels and interviews were quite valuable to 
my research giving me the opportunity to gain institutional knowledge about national 
agricultural policies and current research being conducted in the country that otherwise 
may have been difficult to obtain.  Furthermore, my personal interview with Mr. Kamara 
gave me an illustrious understanding of the economics of his business.  I was able to 
physically observe the production processes of biodiesel and retrieve real prices and 
quantities from Mr. Kamara’s business for my empirical analysis.   
 
1.5.2 Microeconomic Analysis (MEA) 
The MEA focuses on the theoretical potential of a biodiesel market in Sierra 
Leone.  Different markets are impacted by a change in one market, price or quantity. My 
analysis evaluates how different economic agents and markets are impacted by a change 
in policy.  The MEA also helps my research identify the welfare effects of a biodiesel 
market in Sierra Leone.  This will be useful in understanding how a few, chosen markets 
in the nation could potentially be affected by the biodiesel market and policy 
implications.  I use this MEA to discuss, in a theoretical framework, the welfare effects to 
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household and producers of biodiesel before and after I assume a change in the 
government policy which will allow palm fruit oil to be used for biodiesel.  
  
1.5.3 Partial Budget Analysis (PBA) 
Alimi and Manyong (2000) describe a partial budget analysis as a way to express 
the benefits a change in a firm’s business will have on income, costs and profits.  Such 
analysis can help one identify a technology’s strengths and weaknesses.  This analysis 
can also help provide recommendations to business owners as to which technologies are 
best suited for their business ventures.  Partial budget analysis helps owners and 
producers understand the effects of changes in operations, demonstrating the gains and 
losses of profits.  I use a PBA to detail the cost structure of Mr. Kamara’s small-scale 
biodiesel firm.  This allows me to understand whether or not production in Sierra Leone 
is able to compete with world prices of diesel, an important factor in the feasibility of 
biodiesel.  If prices of biodiesel in Sierra Leone are vital, what do changes in world prices 
of diesel mean for the biodiesel industry in Sierra Leone?  Moreover, with the 
introduction of new technologies4 into a small-scale producers business, how might this 
change cost structures? 
 
                                                      
4 New technologies refer to biodiesel production from palm fruit oil. 
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CHAPTER 2: BACKGROUND 
 
2.1 Sierra Leone  
  
2.1.1 About the Country 
 Sierra Leone is a small country located in West Africa.   Officially named the 
Republic of Sierra Leone, it has a population of almost 7 million people (Country Profile 
2010). The nationality of the people is Sierra Leonean. The two largest ethic backgrounds 
are the Temne and Mende people. The major languages spoken in the country include 
Krio, a broken derivative of English and also the national language, and English.  The 
climate is a tropical and hot one, with humid, rainy summers and warm winters. The 
country experiences two agricultural seasons: a dry and a rainy season (Koroma 2010).  
The rainy season, from May to November, is the planting time for agriculture, and water 
is in abundance.  During the dry season, from December to May, the people begin to 
experience shortages of food and water (Koroma 2010).  The country has also 
experienced a huge amount of deforestation since the 1980s, mainly for land conversion 
into animal grazing. Since the end of the civil war in 2002, deforestation rates have 
increased by 7.3 percent (Country Profile 2010).  The country spreads over 27,699 square 
miles of beautiful mountainous land and beaches (Country Profile 2010).  The capital city 
is Freetown, which is also the largest city. The two main religions that are practiced 
include Christianity and Islam.  The average life expectancy of men is 46, and it is 49 for 
women (Country Profile 2010). The main exports of the country are diamonds, cocoa and 
fish.  The country is bordered by the Atlantic Ocean to the west, Guinea to the north and 
Liberia to the south.  78 percentage of the country is made up of arable lands, although 
less than five percent of land is currently being used in the country (Koroma 2010).  
 
Sierra Leone received its independence from the United Kingdom on April 27, 
1961 (U.S. Department of State 2010).  Since the constitution written in 1991, which has 
been amended several times, the country has conformed to the model of three major 
branches of government: the judiciary, a bicameral legislature, and an executive branch 
headed by the President of the country (Country Profile 2010).  The fourth and current 
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President of the country is the Honorable Ernest Koroma, who has been in office since 
September 2007.  Sierra Leone became a constitutional republic on April 19, 1971.  It 
functions as a constitutional democracy. 
  
2.1.2 Poverty and Food Insecurity in Sierra Leone 
According to the World Food Programme, in 2008 Sierra Leone ranked 84 out of 
88 countries in the Global Hunger Index, and last out of 179 countries in the Human 
Development Index (World Food Programme 2008).  Furthermore, the Human 
Development Report (2009)5 states that the Human Development Index for Sierra Leone 
is 0.365, a ranking of 180 out of 182 countries.  This number suggests that Sierra Leone 
is one of the most underdeveloped countries, “[in] some of the most fundamental aspects 
of people’s lives and opportunities…” The Human Development Report also states that 
the country’s adult literacy rate is 38.1%,6 suggesting that the majority of adults are 
unable to read. Sierra Leone’s Human Poverty Index is 47.7, ranking the country as the 
128th most impoverished country in the world out of 135 total countries ranked (Human 
Development Report 2009).    
 
Sierra Leone has a very unequal distribution of wealth, as seen by its Gini 
coefficient of 63.9 (Human Development Reports 2009).  Ninety percent of the 
population lives in extreme poverty on less than $1.00 a day, and only one in twenty 
people have access to clean water (International Fund for Agricultural Development 
2004).  According to Ruralpovertyportal.org (2010), poverty is heavily concentrated in 
rural areas and in urban areas outside of the capital Freetown.       
 
Sierra Leone’s Gross National Income per capita is $320 (World Bank 2008).  
This is the country’s final income per year divided by its population.  Gross Domestic 
Product (GDP) was $679 in 2008.  The percentage of people who live below the national 
poverty line7 is 70%; of that, 37% percent are of the urban population.  Twenty-eight 
                                                      
5 The HDI measures the average progress of a country in human development. 
6 Literacy is calculated from the percentage of people ages 15 and above. 
7 The national poverty line is considered as $1.25 USD per day, PPP. 
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percent of children do not see their fifth birthday and 84% of children under five are 
considered malnourished (Human Development Reports 2009). 
   
In terms of employment, agriculture has remained the source of most people’s 
livelihood; about 70% of the population is engaged in some form of agriculture (Koroma 
2010b).  Nevertheless, most agriculture provides only subsistence  and is “incapable of 
satisfying the food requirements of the nation by a wide margin, and of improving the 
living standards of the broad mass of people” (Koroma 2010b).  Sierra Leone has one of 
the highest undernourished rates in the world.  Flores (2004) suggests that countries such 
as Sierra Leone, who endure harsh conflict over extended periods of time, are more 
inclined to be food insecure.  This is due to several reasons, including “weakness or 
absence of government functions, poorly performing institutions, authorities which lack 
legitimacy and a tendency for any transitions from violent conflicts to peace to be 
protracted, uncertain and prone to reversal.”  Because of the per capita income of less 
than $160 USD (Koroma 2010b), on average people do not have command of sufficient 
food on a daily basis.     
 
2.2 The Civil War 
 
The country experienced an eleven-year civil war from March 23, 1991 to 
January 18, 2002 (U.S. Department of State 2010).  In 1971, the prime minister, Siaka 
Stevens at the time, solicited help from the Guinea’s armed forces after a failed coup 
attempt (Country Profile 2010).   In 1978, under Stevens, the government became a “one-
party state under the aegis of the All People’s Congress Party (APCP)” (Country Profile 
2010).  A group of rebels, the Revolutionary United Front (RUF) revolted against Joseph 
Momoh, President of Sierra Leone in 1992.  Foday Sankoh was the leader and 
mastermind behind the RUF.  The primary objective of the civil war for RUF was to gain 
control over the diamond industry in Sierra Leone and have a system of multiparty 
government.   
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The war started in villages bordering Liberia in the east of Sierra Leone, with the 
RUF terrorizing local people in the villages.  In April 1992 military officers, led by 
Valentine Strasser, started a group, the National Provisional Ruling Council, that fought 
against the RUF (Country Profile 2010). Strasser become the youngest head-of-state in 
the world, 3 days after his 24th birthday (Country Profile 2010).  But Strasser’s group was 
unsuccessful.  The RUF continued westward, destroying villages and towns and killing 
and mutilating people.  They would decapitate the head chiefs of villages and cut off 
body parts of villages.  Once all supplies in the villages were completely gone, RUF 
would then kill the villagers and force children and strong men to become apart of the 
group.  They would also rape the women and abuse children.     
 
By 1995, the RUF had traveled across the country and was very close to invading 
Freetown.  The Sierra Leonean military, with the help of Nigerian military was able to 
intervene and keep the RUF from entering the capital city.  By that time, it is estimated 
that 20,000 people had been physically mutilated and/or killed (Country Profile 2010).  In 
April 1996 Ahmad Kabbah, a member of the APCP, became the first democratically 
elected President of Sierra Leone.  Shortly after his induction, in May 1997, Major 
Johnny Koroma, head of the Armed Forces Revolutionary Council (AFRC) overthrew 
Kabbah.  Koroma took the place of the President and placed members of the RUF in 
various government positions for 10 months (Country Profile 2010).  In March 1998, 
through the help of the Nigerian-led Economic Community of West African States 
Monitoring Group (ECOMOG), Kabbah was reinstated. The AFRC, RUF and a few 
Liberian soldiers continued to move through the country, killing people and destroying 
villages.   Pressured by the US and Nigeria, President Kabbah assigned Sankoh as Vice 
President and positioned other members of the RUF in government office on July 7, 1999 
(Country Profile 2010).  Although Sankoh agreed to peacekeeping, the RUF soon broke 
that agreement in 2000 when ECOMOG departed from Sierra Leone.  On May 8, 2000   
Sankoh and many of this group members were arrested and imprisoned.  Even with the 
leader in jail, the RUF continued to terrorize the country for another few months until 
Guinean forces intervened.  On January 18, 2002, President Kabbah declared that the war 
was officially over (Country Profile 2010).         
13 
 
2.2.1 Sierra Leone Post-Civil War 
In the aftermath of the civil war, Sierra Leone was a war-destroyed and in 
disarray.  Even eight years later, Sierra Leone is still recovering.  It is estimated that over 
50,000 people were killed during the war and millions were forced to leave the country 
(U.S. Department of State 2010).  The country experienced a hard blow of poverty after 
the war: very little international trade took place long after the war, people were 
dislocated, and families were broken apart or killed; children were left without homes and 
most of the country’s infrastructure was shattered, along with many people’s livelihoods 
(U.S Department of State 2010).  Agriculture, the main source of living was destroyed, 
further inducing poverty in the country.  Sierra Leone has been working very hard 
through the help of the United Nations to move from a war-damaged country into a 
viable place to reside (U.S. Department of State 2010). 
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CHAPTER 3: LITERATURE REVIEW 
 
3.1 Introduction to the Literature 
 
The literature discussing economic analyses of biodiesel production from palm oil 
in West Africa is sparse though there is plenty of literature discussing the “food vs. fuel” 
debate in African countries.  This literature review will evaluate some current biofuel 
research in Africa.  There is more qualitative research discussing the production and 
processing of jatropha for biodiesel and even palm oil from the kernel, but very little 
quantitative research exists at this time.   
 
Recently, it has been stated, “medium-term prospects for biofuel production 
remain strong despite the current oil price decline” (Arndt et al. 2009).   Nevertheless, 
some research is less optimistic. Rosegrant (2008) stresses the problems with rising food 
prices associated with biofuel production   Furthermore, to the best of my knowledge, 
there has been no economic analysis to date of biodiesel production from palm oil in 
Sierra Leone.   
 
3.1.1 Quantitative Literature: Biodiesel Production in African Countries  
Arndt et al. (2009) discuss the results of investments to large-scale biofuels 
production for societal growth and income distribution in Mozambique.  Using a 
computable general equilibrium model they are able to discuss “trade strategy, income 
distribution, and structural change in developing countries”.  Five different biofuel 
scenarios are assumed: a baseline scenario, sugarcane for biofuel scenario, a jatropha for 
biodiesel scenario, a jatropha plus spillovers scenario and a sugarcane-jatropha-plus-
spillover scenario.  They assume a continual growth in the Mozambican economy from 
2003 to 2015, similar to its current growth along with an economy growth rate at an 
average of 6.1 per cent per year.  They also assume a 12-year horizon with 100 percent 
foreign financed capital needs as foreign investments.  The sugarcane sector is plantation-
based while the jatropha investments are through smallholder schemes.  Jatropha 
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production is assumed to be more labor-intensive while sugarcane production is more 
capital-intensive.   
 
Arndt et al. conclude that biofuels in Mozambique have the ability to “enhance 
economic growth and poverty reduction”.  The biofuel scenarios are projected to increase 
welfare while reducing poverty in the economy.  The article does point out that the 
jatropha scheme is more “pro-poor” because it is more labor intensive, allowing more 
local people to become employed.  Yet, due to land and labor competitiveness, large-
scale biofuel production forces adjustments to other sectors.  The authors suggest that 
traditional exports become smaller to allow for biofuels, while food production decrease 
and food prices increase.  Though the model shows welfare and food security increases 
largely because of increased purchasing power, it is important to understand that some 
household will be adversely because of the high food prices coupled with quantity 
decreases.  The authors then suggest that it is important to pay special attention to “the 
labor intensities of the production methods employed for biofuel crops”; higher labor 
intense production processes are related to the allotment of income. The authors then 
point out that although biofuels has potential for Mozambique, however these possible 
gains are dependent upon “policies, execution, and monitoring”.  
 
Asonye et al. (2009) evaluate two methods, crude palm oil production and palm 
oil biodiesel production to see which is profitable in the Bandundu Province of The 
Democratic Republic of Congo (DRC).  The authors use a cost-benefit analysis to show 
the cost effectiveness of using either method in the Bandundu Province.  Then sensitivity 
analyses are used to establish the responsiveness of prices in the analysis.  Three different 
projects are tested with various technologies for biofuel.  The first project, a traditional 
method, assumes the conventional mortar and pestle scheme for extraction of oil from the 
palm kernel.  The second project, assumes an investment in a manual mechanical digester 
to expel oil from palm kernels.  The third project assumes that an investment is made in 
an extractor as well as a 100 gallon batch processor for processing palm oil into biodiesel.  
The authors conclude that production of both crude palm oil and biodiesel from palm oil 
is has potential to be feasible in the Bandundu region of the DRC.  Their results suggest a 
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high net present value for crude palm oil, though the fuel is only able to be used in certain 
modified engines.  The sensitivity analysis suggests that if the price of diesel fuel is 
above $1 USD per liter, biodiesel production and crude palm oil should be profitable in 
the region. Last, concerns of labor-intensive methods for biodiesel production are 
discussed.  The authors conclude that the results allow for the best economic growth and 
increased job creation when production processes are labor-intensive.  Also, the authors 
mention that because the region has a high excess supply of palm oil, the oil can be used 
for biodiesel production and because the production is at the small-scale, no land should 
be diverted from food crops or use. 
 
Peters and Thielmann (2008) use data from India and Tanzania to examine 
economic justification of biofuel promotion instruments, including fuel taxation and 
preferential taxation on biofuels.  They look at current and projected production costs in 
these two countries and find that biofuel production in these two countries causes a 
financial burden.  They suggest that promotion of biofuels should take place if 
“…national benefits through rural development or energy supply security are 
significant.” They also suggest that the point that most researchers make regarding green 
house gas emissions is not valid in the case of developing countries, stating that more 
efficient methods are available.  Moreover, increased agricultural production could 
potentially harm the poorer residences of developing countries, and an increase in land 
competition will increase food prices, negatively affecting the poor.  They conclude that 
blending quotas and tax exemptions added with cheaper production costs should be put in 
place in the event biofuels are to go forward in developing countries. 
 
3.1.2 Qualitative Literature: The “Fuel vs. Food Debate” 
 Rosegrant (2008) cites The Food and Agricultural Organization of the United 
Nations, saying “…[FAO] reports that food prices rose by nearly 40 percent in 2007 and 
made further large jumps in early 2008.”  Along with food increase, food riots have 
occurred in many developing countries” and Rosegrant believes this is all linked to 
biofuel production.   Increased food prices have had dreadful consequences to the poorest 
households who spend a large portion of their income on foodstuff.  These raised prices 
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have been affected by biofuel policies shifting food crops, such as corn, away from home 
consumption into biofuel production along with food production problems from poor 
government policies and interventions and corruption, especially in African countries. 
 
Rosegrant uses two analyses to examine the impact that alternatives to biofuel 
would have in 2007.  Using an International Food Policy Research Institute’s IMPACT 
model and a partial-equilibrium modeling framework, he is able to capture the 
relationship between “agricultural commodity and supply.”  This model includes the 
following: “demand for food, feed, biofuel feedstock and other uses.”   
 
Srinivasan (2008) discusses the “food vs. fuel” debate in the context of incentives 
for the market.  Food crops that are used for biofuel, including corn, barley, sorghum and 
other grains present land competition problems.  As more production of food crops is 
taken out of food consumption and moved towards biofuels, Srinivasan states problems 
including food insecurity and increases in food prices often take place.  He concludes that 
“ it is important to optimize the pricing structure for fuel feedstock to ensure that there is 
just enough of an incentive for the farmers to grow fuel crops on marginal land- with 
lower levels of output…” These incentives include price supports for food and support 
for poor people such as food stamps may be of valuable. 
  
3.1.3 Biofuel and Food Security  
Some researchers suggest biofuels may have the potential to increase food and 
energy security in developing countries.  Mulugetta (2008) states that road transport is the 
more commonly used means of transferring food goods in most African countries, citing 
that  
“It accounts for about 85% of the total fossil fuel consumed in the transport 
sector.  Of the total, diesel fuels amount to over 55% of the final fuel consumption 
in transport, highlighting the importance of this fuel to the economy as a whole.”      
 
Likewise, many African countries including Sierra Leone import the majority, if not all 
of their fuel.  Mulugetta goes on to say that imported fuel “amounts [to] between 25 and 
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30% of hard currency earnings… reaching 40% when oil prices go up”.  Biofuels may be 
able to play a significant role in helping alleviate poverty in the following ways: 
increasing job opportunities through labor-intensive biofuel production possibilities; 
allowing the country to save in domestic currency, permitting the country to import other 
needed goods, such as food; and improving Sierra Leone’s domestic fuel and energy 
sector, thereby strengthening the economy.  But, for biofuel to play this role, it is 
important that the proper policies are put in place alongside these interventions including 
appropriate execution of such policies.  
 
Unruh and Turray (2006) discuss food security issues in Sierra Leone.  The 
authors argue land tenure issues are highly correlated to food insecurity in the country 
stating “[the] retention of land is the first step toward decreasing risks associated with 
food shocks and food shortage, and solidifying insurance against possibly worsening food 
insecurity. In this regard landlessness is to be avoided.”  People who are considered 
outsiders of a chiefdoms but who are allowed to acquire land in the chiefdom are 
prohibited from planting trees or making any other long-term improvements to land they 
are temporarily given access to.  It is estimated that these foreigners make up 20 – 40% of 
a given chiefdoms population.  Although they are given access to land to cultivate, they 
are not able to make great contributions to growing crops or other enhancements because 
chiefs see these improvements as owning land and are fearful of losing ownership over 
the land.    Last, the authors also discuss the civil war and its impact on food security in 
Sierra Leone.  Post civil-war, it has been difficult for farmers to rebuild farms and restock 
seeds for planting.  Although roads are being built to allow more transportation, few rural 
people have access to vehicles to utilize the infrastructure for selling or purchasing food.  
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CHAPTER 4: A MICROECONOMIC ANALYSIS OF SIERRA 
LEONE’S PROHIBITION AGAINST PALM FRUIT OIL FOR 
BIODIESEL 
 
4.1 Sierra Leone’s Current Agricultural Policy on Palm Fruit Oil  
 
Another vital interview I had while in Sierra Leone was with Dr. Bashiru 
Komora, the Agriculture Director of Njala University’s School of Agriculture.  This 
university is located in Njala, Sierra Leone.  During my interview with Dr. Komora he 
also discussed the current agricultural policy in the country, excluding palm fruit oil 
usage for biodiesel.  However, biodiesel may have the potential to increase societal 
welfare (Arndt et al. 2009) and so it is worth considering the effects a policy change that 
allowed palm fruit oil8 to be used for biodiesel production would have on the economy.  
This chapter will consider through microeconomic theory some possible effects.  At the 
end of the chapter a discussion of the policy’s implications is given.  My purpose in this 
chapter is to present a theoretical microeconomic analysis of such impacts on different 
household’s palm oil production and consumption decisions as well as their net welfare.  
 
4.2 Microeconomics of Sierra Leonean Households that Produce and Consume Palm Oil  
 
In this section, the government policy with respect to biodiesel as it presently 
stands is examined.  My examination includes households who start off with no trade, 
then begin to trade palm oil and labor in a competitive market.   
 
4.2.1 Theoretical Framework of the Households Problem 
In an average village, palm fruit oil is produced for either home consumption or to 
sell or trade with other households.  These villagers, also considered producers, decide 
how much to produce and consume, and therefore how much to traffic.  For a Household 
A that produces palm fruit oil, their profit maximization problem is,  
 
                                                      
8 In this chapter, the terms palm oil and palm fruit oil are used interchangeably.  
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Max
XLA
Po fA XLA( ) !WLXLA{ } ,                                  (1) 
where Po is the price of palm oil, ƒA is Household A’s palm oil production function, XLA 
is a composite input, which includes household labor, and WL is the market return per 
unit of the household input.  I let WL be a numeraire in this case, with a constant value of 
1.  Po is the households price received from palm oil.  Household A’s production function 
is represented in figure 4.1. This production function identifies the output, qA, Household 
A can produce for various input levels it might use.  This figure helps demonstrate the 
various decisions in production the household makes at various prices, Po.  The first order 
condition of the profit maximization problem defines the input demand of a household 
producing palm oil from the fruit:  
!fA XLA( ) =
WL
Po
.           (2)        
         
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1: Household A’s palm oil production function. 
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extracted from the fruit where the slope of the production function equals 1/Po. The shape 
        q1 
        
        q2 
XLA 
X1LA            X
2
LA 
qA 
! 
fA XLA( )
 
a 
b 
! 
W
L
P
a
o  
! 
W
L
P
b
o  
21 
 
of the production function implies that diminishing marginal returns happens; the slope of 
the production function becomes smaller and smaller and once the function flattens, 
marginal returns have diminished to zero.  After the optimal extraction point, additional 
units of labor will decreasingly contribute to palm oil and eventually will contribute no 
more.  The production functions shape as shown in figure 4.1 is intuitively realistic; 
members of Household A can work in their own backyard, easily collecting palm fruits 
off the ground to convert into palm oil.  After so much time working, less and less palm 
fruit will be without difficulty available for collecting (E.g., someone must now climb the 
palm trees to retrieve palm fruits because all palm fruit from the ground is depleted).  9 
 
Household A’s production function indicates its production possibilities; however 
households consume as well as produce.  So, to illustrate the household’s optimal 
choices, we must also consider its preferences with respect to consuming palm oil and 
“leisure” as shown in figure 4.2.  The indifference curve that is tangent to the production 
function at a certain level of labor is the optimal choice in the absence of trade.  Figure 
4.2 shows the production function and optimal production for Household A’s preferences 
of labor and production of palm oil; if the household provides labor to its own palm oil 
production and does not buy nor sell oil, its optimal (leisure, oil) consumption point is at 
a, where the production function is tangent to indifference curve UO.  The household 
decides to utilize X*LA amount of its own labor and produce the amount q*o of palm oil.  
The price ratio, the slop of the tangent line, suggests that as the price of palm oil 
increases, Household A is willing to produce more palm oil.  This is because given the 
households preferences it is willing to supply more palm oil to receive higher prices.  
 
 
 
 
 
 
                                                      
9 All households in a village may act as a single household.   They seemed to pool all resources together, 
including palm oil for homes consumption.  For this reason, it may be that “Household A” includes all 
households in a particular village.  I define a decision-making unit as a household. 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Figure 4.2: Household A’s optimal choice of production and consumption when it 
decides not to trade. 
 
Now, let us examine whether Household A wants to trade labor and/or oil in a 
competitive market.  Different households will inevitably have different endowments of 
palm trees and therefore palm nuts to collect.  Conceivably, Household A may deplete its 
palm fruit resources and wish to trade their labor with other households in exchange for 
palm oil.  Trading between households now creates a new problem for the households to 
consider: how much to produce and consume and hence how much to trade?  The 
households that trade also have to make a decision of how much time to work for 
themselves and then at what point to work for another household. This situation is 
depicted in the next two figures, which illustrate Households A’s and B’s optimal choices 
of producing and working in a competitive market. 
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Figure 4.3: At price P′′o, Household A is an excess supplier of palm oil and an excess 
demander of labor. 
 
Figure 4.3 shows Household A’s optimal production and consumption choices 
given the new market price at the price ratio shown, 1/P′′o.  Now, there is a competitive 
market for households to trade labor and palm oil in.  The household works XDLA amount 
of time to produce qSoA amount of palm oil producing palm oil for home consumption.  
This household, however, would prefer to sell its palm oil in the market as seen by its 
move from point a to b.  In this case, quantity demanded decreases and the difference 
between the quantities produced and consumed is excess supply of oil, qesoA.  This is the 
amount Household A decides to trade with Household B or any other household trading 
in the market.  XDLA, shows the total amount of labor demanded by Household A.  Some 
of that labor, the amount XSLA is supplied by Household A to itself.   The rest of the labor 
it requires, XDLA - XSLA , it hires out the market.  Thus, when facing price !!Po , Household 
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A produces more oil than it consumes, and sells oil on the market.  But it supplies less 
labor than it demands, and so hires labor in the market.  By trading, Household A moves 
its consumption point from a to b, and thus increases its leisure while selling oil to the 
market at the market price.  The increase in the price of palm oil has allowed Household 
A to reach a higher level of satisfaction as an excess supplier of palm oil as seen by the 
household moving from UoA to U1A, a higher preference.   
 
Figure 4.4 shows Household B’s optimal choices given the same market price, 
P′′o.  Thus, this household faces the same price ratio and therefore at its optimal choice, 
same slope tangency to its production function.  Household B has a different production 
function and different preferences from those of Household A. 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.4: At price P′′o, Household B is an excess demander of palm oil and an excess 
supplier of labor. 
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The price that Household B faces, its production function, and its preferences 
motives it to choose to be an excess demander of palm oil.  The household accordingly 
decides to hire most if its labor out to the market and buy palm oil with its earnings. This 
household decides that it is better off producing qSoB amount of palm oil and working 
XDLB for itself and reaches a higher level of utility by increasing its (palm oil, leisure) 
consumption point from a to point b, moving from UoB to U1B.  This household demands 
qedoB more of oil than it produces, making the household an excess supplier of demand.  It 
pays for the palm oil by working X1LB - X2LB more in the market than it worked for itself. 
 
4.2.2 Excess Supply Curve 
Each individual households supply and demand creates a total excess supply and 
demand curve, respectively.  Each point on the excess supply curve is derived from 
households production preferences.  As prices increase, excess suppliers are willing to 
produce more palm oil for trading, illustrated by an upward sloping supply curve.  Even 
more, excess demanders who once were not willing to supply very much palm oil for the 
market price, become excess suppliers and trade oil in the market.   From the excess 
supply derived from all households, an aggregated excess supply curve is developed as 
represented in figure 4.5.  At price P*o and any price below where the supply curve is 
negative, households choose to become excess demanders of oil.  P*o is also the 
equilibrium price; there is trading between households however no selling of palm oil for 
biodiesel.   
 
A similar graph can be derived to illustrate an excess demand curve of palm oil 
for all households.  However, it is not necessary as the excess demand curve begins in 
figure 4.5 is where excess supply is negative.  When excess supply is negative, that 
means that the households are excess demanders.  It may be that prices are too low for 
their preferences and the households would rather supply labor and receive palm oil as 
compensation.  As prices decrease, excess suppliers demand less labor in the market and 
supply less palm oil to the market and begin to move towards excess demanders or palm 
oil. 
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Figure 4.5: Aggregate supply curve of all households participating in trade of palm oil.  
 
4.3 Microeconomics of Sierra Leonean Palm Oil Demanders for Biodiesel Production 
 
4.3.1 Introduction to the Biodiesel Producer Problem 
The previous sections discuss the situation faced by households who trade palm 
oil and labor among each other.  In the next section, biodiesel producers enter the market 
and I analyze the new government policy and the effects of lifting the prohibition on 
palm oil and permitting palm oil for biodiesel production has on households.  More 
specifically, I evaluate consequences of the new policy as discussed by welfare effects of 
households, producers of biodiesel and to society as a whole.  Finally, I discuss how this 
increase in domestic fuel production allows the country to save monetarily in foreign 
imports of fuel and how it effects on specific types of households associated with the 
market. 
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4.3.2 Theoretical Framework of the Biodiesel Producers Problem 
Palm oil demanders, who are producers of biodiesel, require the oil from excess 
supplying households.  The biodiesel producers’ profit-maximizing problem is, 
 
 
! 
Max
Doj
Pd f j Doj( ) " PoDoj{ } ,   (3) 
where 
! 
Pd  is the price of imported diesel at the world price, considered to be unaffected 
by Sierra Leonean biodiesel policy, jf  is firm j’s biodiesel production function, Doj is a 
composite input, including palm fruit oil for biodiesel and 
! 
Po  is the price of palm oil.  
The firm is faced with the dilemma of how much palm oil to demand and how much 
biodiesel to generate.  The biodiesel producer’s production function along with three 
different prices and the effects of production from these prices is illustrated in figure 4.6.  
The production function graphically shows how the price of palm oil affects the amount 
of biodiesel that is produce. As with the households, the shape of the producers 
production function tells a realistic story; as the price of palm oil increases, less biodiesel 
is produced for less palm oil is demanded.  A decrease in the price of oil will have the 
opposite effect; the firm will demand more palm oil and as a result produce more 
biodiesel. The first order condition of the profit maximization problem defines the input 
demand of a firm producing biodiesel from palm fruit oil:  
! 
f "oj Doj( ) =
Po
Pd  . (4) 
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Figure 4.6: Production function of Firm j: Optimal production when price = oP! ; when 
! 
" P o increases to 
! 
" " " P o; when 
! 
" P o decreases to 
! 
" " P o . 
 
In figure 4.6, qbio is the quantity of biodiesel produced from palm oil and Doj is the 
input palm oil used by firm j for biodiesel.  At the market price
! 
" P o, the firm’s optimal 
(oil, biodiesel) bundle is at point a, where the firm demands Doj(
! 
" P o,
! 
Pd ) amount of palm 
oil to produce Sbio(
! 
" P o,,
! 
Pd ) biodiesel.   When the price 
! 
" P o  increases to 
! 
" " " P o, the firm then 
demands less palm oil, Doj(
! 
" " " P o,
! 
Pd ) and produces less biodiesel, Sbio(
! 
" " " P o,,
! 
Pd  ).  The new 
optimal bundle becomes b.  Intuitively, as it becomes more expensive to purchase palm 
oil the firm demands less and less biodiesel is produced.   Last, when the price of palm oil 
decreases from 
! 
" P o to 
! 
" " P o  the firm increases their demand for palm oil to Doj(
! 
" " P o ,
! 
Pd ) 
and total production of biodiesel to Sbio(
! 
" " P o ,,
! 
Pd ) with a new consumption bundle located 
at point c.  Firm j is able to buy more oil than previously because of the cheaper price, 
and produces more biodiesel.  Just as households make consumption and production 
choices based upon prices, processing firms of biodiesel do as well. 
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4.3.3 Total Producer Demand Curve 
Figure 4.7 illustrates the demand curve of all firms using palm oil produce 
biodiesel.  This new demand entering the market increases the equilibrium price of palm 
oil from 
! 
" P o to 
! 
P
eq
o .  
 
 
  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.7: Aggregate demand curve of palm oil for all firms. 
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4.4 Welfare Effects of Palm Oil Prices to Households 
  
 Next, I examine the effects this new palm oil price has on active households in the 
market.  I will evaluate two types of households, net suppliers and net demanders of palm 
oil. Using the same preferences and production functions the households had in previous 
illustrations, we can examine the effects of raising the price of palm oil from 
! 
" P o to 
! 
P
eq
o .  Figure 4.8 depicts Household A’s welfare results from the new policy and change 
in the price. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.8: A rise in the price of palm oil from !P
o
to 
! 
P
eq
o  increases Household A’s 
excess supply and utility. 
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The initial price of palm oil is !P
o
 and the subsequent price is higher, P
o
eq . 
Initially, at 
! 
" P o the household is constrained by choices associated with the iso-profit line 
between points a´ and b´. The household initially produces and works at point a´ and 
consumes and takes leisure at point b´, attaining utility level !U
A
.  After the price 
increase, the household’s production plan is at aeq and its consumption is at point beq.  
The household’s excess supply of palm oil has increased from qoA
E !S  to qoA
ESeq , and its utility 
has risen from !U
A
 to UA
eq .     When faced with the higher price, Po
eq  the household 
supplies more labor for production, receives more money per unit of palm oil that it sells, 
and increases household income. The household increases its supply by demanding labor 
from the market for the increased palm oil production and moves from aeq to beq on the 
new iso-profit curve.  In summary, households who are excess suppliers of palm oil have 
net gains in welfare from the price increase.  Household B, an excess demander of palm 
oil, experiences a different outcome.  Figure 4.9 shows the change in welfare of 
Household B with the same increase in palm oil prices. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.9: A rise in the price of palm oil from !P
o
to 
! 
P
eq
o  decreases Household B’s 
excess supply and utility. 
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The bold, pink line represents Household B’s new iso-profit line, associated with 
a change in the price ratio, 
! 
1/P
eq
o .  With this new constraint, the household moves from 
(leisure, oil) consumption bundle a′ to b′.  When confronted with a higher palm oil price, 
Household B decreases its quantity demanded for oil; it is better off purchasing less oil at 
the higher price.  Moreover, the household is forced to a lower utility curve, and therefore 
is less happy than before.  The excess demanders experiences a welfare loss and do not 
benefit from the new biodiesel market. 
 
4.4.1 Net Welfare Effects to Society  
It is important to understand the net welfare effects of the rise in palm oil price to 
society as a whole.  Next I will show that the palm oil price change will negatively affect 
some of the poorest households (who are net demanders of palm oil). However, if the 
wealth of the society as a whole increases, it does present the society with new 
opportunities.  These new opportunities might involve letting the palm oil price rise, but 
using the increased wealth of the nation to redistribute some of it (maybe through new 
schools, etc.).  Figure 4.10 shows the demand for palm oil for biodiesel before the policy 
change and then thereafter.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.10: Biodiesel production before and after policy change. 
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In figure 4.10, qb is the quantity of biodiesel produced, dependent upon the price 
of diesel, Pd because they are perfect substitutes.  In this diagram the price of diesel is 
constant at the world price. Before the policy change, the supply curve intersects the 
vertical axis at price PHo , a high price, which shows the marginal cost of purchasing 
palm oil for biodiesel.   (We think of the price of palm oil as quite high, as it includes the 
cost of getting caught and possibly going to jail from illegal use.)  Demanders of diesel 
(truck drivers for example) demand qDd amount of fuel and all diesel is imported into the 
country in the amount up qDd.  At P
H
o  the supply of biodiesel produced is 0.  Once the 
liberalization policy is passed, the new supply of biodiesel is shown at Sbio Pd ,P
eq
o( ) .  Once 
the new domestic supply of biodiesel enters the market, fuel supply changes: the quantity 
of domestic fuel supplied increases from 0 to qSd.  Demanders of diesel fuel no longer 
have to import all they use; they are able to decrease imports by qDd - qSd.   Figure 4.11 
shows the monetary welfare gains to producers and consumers. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.11: Societal welfare from palm fruit oil use for biodiesel production. 
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Area ABGH, shaded in purple, is consumer’s surplus as a whole. This area, at the 
world price of diesel does not change.  I assume that diesel and biodiesel are substitutes 
and therefore the price of biodiesel is dependant on the price of diesel. Consumers of 
either fuel (a truck driver for example) do not have a preference as to which fuel they use, 
so long as the price of the two is the same.  If the same of one increases, consumers of 
fuel will substitute for the other fuel.  The green area BCG is the gain producers of 
biodiesel receive from the new market.  This is essentially new wealth to the country.  
Not only do producers gain from this new market, but also any households that are net 
producers of biodiesel gain (i.e., households who sell palm fruit oil to firms, employees 
of biodiesel producing firms etc.)   The blue area, CDEG is the new cost associated with 
production of biodiesel domestically.   Initially, the total cost of importing fuel was 
rectangle BDFH, the blue plus green plus yellow areas.  Now, the cost of importing fuel 
the orange area, GEFH and so total cost of all fuel is the blue plus yellow areas, 
CDEFHG.  
 
4.5 Discussion of Results 
 
In the aggregate, the villagers, the consumers and suppliers of palm oil, enjoy a 
net welfare gain from the policy liberalization.  As discussed earlier, some households, 
those that consume more palm oil than they produce, experience a welfare loss from the 
new policy.  These are the poorest households in villages who probably do not have the 
resources needed to sell palm oil (I.E., they may have very few to no palm trees).  It 
becomes more expensive (they will have to sell more of their labor in exchange for palm) 
for them purchase the same amount of palm oil for home consumption. The rural poor are 
the households who were able to sell palm oil for biodiesel production and receive gains 
for the new market.   From the increased welfare, these households are able to command 
more food, send children to school and pay for transportation to the city to require more 
resources among other options.  They are better off because they have higher purchasing 
power.  The urban poor are also made better off from the new policy.  Once the rural poor 
are able to buy more resources, they may purchase these items from the urban poor 
increasing the incomes of the urban poor, too.  In summary, the results suggest that 
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although some households would be hurt from the use of palm fruit for biodiesel, society 
as a whole would have new wealth.  Therefore, in theory, were the government to 
redistribute the net wealth appropriately, the biodiesel from palm oil could be beneficial 
to local households in the country. 
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CHAPTER 5: PRODUCTION AND PROCESSING OF PALM OIL: A 
PARTIAL BUDGET ANALYSIS- THE CASE OF RTIC 
 
 
3.1 Introduction: A small business owner  
 
 
 
Photo 5.1: Foday Kamara and I at one of his production sites in Freetown, 
Sierra Leone. 
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5.1 A Small-Scale Biodiesel Producer in Sierra Leone 
 
During my trip in January 2010 to Sierra Leone, I traveled to different cities to 
meet with businessmen and university officials to conduct interviews concerning their 
thoughts on bioenergy policies and food security in the country.  One particularly 
essential interview I had was with a small-business owner, Mr. Foday Kamara.  Mr. 
Kamara, who has a Masters degree in Engineering, owns three machinery production 
sites in two cities in Sierra Leone.  His production sites are called “Fomel Industry & 
National Industrialization Center” or FINIC.  The first two sites, located in Freetown, 
produce agricultural-processing machines including rice milling, palm nutcracker and 
rice thresher machines. My interview took place at one of his two manufacturing sites in 
Freetown.  These sites also serve as places to train young, unskilled laborers who are 
interested in acquiring skills related to the manufacture of machines.  
 
About two years ago, Mr. Kamara decided to experiment with biodiesel 
production for fueling his own equipment at his site in Masummana Koya Chieftown, in 
the Portloko District on the Waterloo Highway, about one and a half hours from 
Freetown.  Mr. Kamara told me that so far the experiment has been successful, and 
producing his own biodiesel has lowered his demand for purchased fuel.  After the 
interview, I traveled to Masummana Koya to Mr. Foday’s manufacturing site at the Rural 
Technology Innovation Center (RTIC), and to seek information about the biodiesel 
production process.  At the RTIC, agricultural research and education is conducted to 
help alleviate poverty through teaching local people to grow and care for their own 
agriculture fields. At the RTIC site, Mr. Foday’s company produces biodiesel from palm 
kernel oil.   
 
The purpose of this chapter is to explain in detail the production process used at 
RTIC to create biodiesel from palm nuts.  Moreover, this knowledge is then applied to 
the general profitability of a small-scale biodiesel producing firm.  Prices and costs 
quotes are from my interview with Mr. Kamara.  Due to time constraints, I was unable to 
verify our interview.  I am suggesting then that this partial budget analysis is imperfect, 
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however it will allow me to detail, through sensitivity analysis, how different costs and 
prices affect profitability of a small-scale biodiesel firm.  Diagram 5.1 is a flow chart 
representing the process and its variable costs.  The chart begins with the initial inputs 
(palm nuts and labor to transport them back to the production site), and finishes with the 
final product, biodiesel.  A similarly figure, diagram 5.2, illustrates the production 
process and its fixed costs. 
 
5.2 The Production Process: From Palm Nuts to Biodiesel 
 
5.2.1 Buying the palm nuts 
Palm nuts are the basic resource for biodiesel production at RTIC.  Palm trees 
grow in abundance in Sierra Leone.  Photo 5.2 shows the palm trees growing around the 
RTIC building.  In the available seasons, normally August to November, RTIC workers 
go to local villages to purchase palm nuts.  The palm nut, located in the center of the 
palm fruit, is a by-product of the fruit oil production process.  Photo 5.3 is a picture of 
palm nuts at RTIC. 
 
RTIC buys palm nuts from villagers in units of 55-gallon steel-drums (barrels).  
Mr. Foday informed me that the price he pays for one barrel of palm nut is $2.19, as 
shown near the top of diagram 5.1.  Mr. Foday estimates that on average it takes two 
employees approximately one hour of labor per barrel of nuts to drive to a village, load 
the nuts in a barrel, load the barrel in the truck, and return to RTIC.  Thus, in diagram 5.1, 
a conversion factor of 2 is shown next to the arrow that runs between the box titled 
“Transportation labor (hrs)” and “Palm nuts at site (barrels),” applying that two hours of 
labor are used in the palm nut transportation process.  At this same “transportation labor” 
level, the conversion factor is 1 between the box “Palm nuts at the village (barrels)” and 
the box “Palm nuts at the site (barrels).  That is, work must start with one barrel of palm 
nuts at the village to end up with one barrel of palm nuts at the RTIC site. 
 
Once the palm nuts are at the RTIC site, the next step in the biodiesel production 
process is to crack the palm nuts and separate them from the kernel which contains palm 
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kernel oil.  One barrel of palm nuts weighs approximately 180 kg.  Thirty percent of the 
weight of a palm nut is made up of its kernel, so one barrel of palm nuts contains 180 × 
0.3 = 54 kilograms of palm kernels (Kamara 2010).  Thus, the conversion factor between 
palm nuts and palm kernels in diagram 5.1 is 1/(180 × 0.3).  
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Diagram 5.1: Flow chart of the processing of the palm nut into biodiesel: Average 
Variable Cost. 
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Diagram 5.2: Flow chart of the processing of the palm nut into biodiesel: Average Fixed 
Cost. 
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Photo 5.2: RTIC production site in Masumana District, Sierra Leone. 
Photo 5.3: Palm nuts at RTIC. 
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5.2.2 The Palm Nut Cracking and Separation Process   
Three fixed inputs are used in the nut cracking and separation process.  They are 
the building in which the processing of the palm nut takes place, the nutcracker machine, 
and the dryer.  The cost of these machines is shown in Diagram 5.2.  The building is a 
basic fixed asset necessary for production.  The building that houses RTIC was designed 
by Mr. Kamara himself and then constructed by his employees.  It is pictured in photo 
5.2.  He estimates construction of the building to have cost Le45 million or $12,328 
USD10. This cost is shown in Diagram 5.2, in the shaded box above the box labeled 
“Building.”  
 
A special machine, called a palm nutcracker is used to help retrieve the kernel 
from the palm nut.  Mr. Kamara designed and constructed his palm nutcracker for $4,110.  
To power his palm nutcracker, he uses a 225kilowatt generator with a total capacity of 
1,637 liters, and fuels the generator with his own biodiesel.  He spoke about the 
importance of using proper machines for palm nut cracking, as other machines are not 
built in a suitable way to handle the very hard shell.  The palm nutcracker can process 
6,000 tons of nuts per hour for an 8-hour workday.  Photo 5.4 shows the palm nutcracker 
and palm nuts surrounding the machine.  Palm nuts are scooped into the machine by three 
employees and are cracked to begin separation from the shell.   
 
Once the nuts have been cracked, they are soaked for a few hours in a clay-water 
solution to separate the shell from the kernel. This is called the clay bath method.  The 
solution allows the shells to sink to the bottom of the mixture while the kernels float and 
then are easily skimmed from the top.  Mr. Kamara told me that he hires local village 
women to handle this task as a way to help them generate income.  Three women are able 
to separate 540 kilograms of kernels each day.  Photo 5.5 shows the area where the clay 
bath method takes place. 
 
 
                                                      
10 $1USD = Le3650.  (Yahoo! Finance 2010).   
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Photo 5.5: Clay bath area used to induce palm nut shell and seed separation.  
 
Photo 5.4: Palm nutcracker designed and constructed by RTIC. 
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5.2.3 Drying the Kernels 
After separation, the kernels are dried.  During the country’s dry season, this is 
easily done by placing the kernels on a cleared piece of ground in the sun.  Three women 
are involved in the drying process by laying the seeds out on the ground.  On average, 
this takes approximately a day for 540 kilograms of kernels to dry.  In the rainy season, 
however, drying is more difficult.  This led Mr. Kamara to design and create his own 
drying machine.  It is fueled from leftover palm shells to produce heat to dry the kernels.  
His drying machine costs $1,643 constructed by RTIC.  Once dried, the kernels are taken 
to a storage area and can be further processed as desired.  At this time, Mr. Kamara has a 
large storage of kernels to be converted into biodiesel.  Photo 5.6 shows the kernels once 
they have been dried and photo 5.7 shows the area where drying takes place in the dry 
season.   
 
 Photo 5.6: Palm kernels separated from the palm nut and dried. 
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5.2.4 Oil Extraction and Filtration 
The next step in the biodiesel production process is to extract oil from the kernels.  
A palm kernel oil press, also called an oil expeller, was designed and constructed by 
RTIC for $4,931.  The oil expeller can press 1,000 liters of oil per day.  Only one laborer 
is needed to fill the expeller with kernels however different employees may complete this 
task during the workday. Kernel oil content is about 7% of the kernel’s weight (FAO 
2002).  Once the oil is removed from the kernels it transferred to a sedimentation tank for 
filtering.  Photo 5.8 shows the oil expeller machine.   
Photo 5.7: Area where kernels are dried during dry season. 
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Subsequently, the oil goes through a filtration screener system designed by RTIC 
for $2,191.  The filtration system works in the following way: two employees who are 
trained to use the system transport the oil from the first sedimentation tank to the 
filtration machine.  The machine filters the oil three times, with an employee transferring 
the oil each time to a different holding tank.  These tanks cost $411 per tank (6 tanks total 
are used) to construct.  Each time the oil is filtered, it is allowed to sit for an hour for any 
residue to settle to the bottom of the tank and easily be removed. The filtration system 
can filter up to 1,000 liters of oil per hour.  Photo 5.9 below is a picture of tanks used in 
the filtration process. Once the oil is properly filtered, it is transferred to a sediment tank 
and allowed to sit from 24 hours to six days, depending on the freshness of the kernels at 
the time of pressing.  Oil removed from older kernels (1.5 years or more) should sit 
longer than oil from fresher kernels (six months or less).  Presently, Mr. Kamara’s 
business is using kernels that are about a year old, so the sedimentation time is longer 
Photo 5.8: Oil expeller at RTIC. 
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than it would normally be.  The oil is allowed to sit so that any residue from the 
extraction process can sink. After the filtration screening is complete, the oil is moved to 
the biodiesel reactor for the transesterification process. 
   
 
 
5.2.5 Transesterification  
Next, the filtered oil goes through a biodiesel reactor machine.  This process is 
called transesterification, the method by which the palm oil is converted into biodiesel. 
Mr. Kamara designed and constructed his own biodiesel reactor that operates by leftover 
palm shells. The biodiesel reactor was constructed at RTIC for $5,068 and is able to 
produce 189 liters of biodiesel per day, which is currently the business’s production 
capacity. Two employees handle the trasesterification process.  During this process, fatty 
acid alkyl esters and methyl and ethyl esters are produced through “heating an excess of 
alcohol with vegetable oils under different reaction condition[s] in the presence of an 
inorganic catalyst”, a commonly used catalyst being alkali hydroxides and alcoholates 
(Devanesan et al. 2007).  This machine facilitates a chemical procedure using sodium 
hydroxide and either methanol or ethanol. The most favorable inputs for 
transesterification include 20% ethanol and 1.0% sodium hydroxide by mass on oil basis 
(Devanesan et al. 2007).  Mr. Kamara uses ethanol, though it slows the reaction process 
Photo 5.9: Sedimentation tanks used in filtering process. 
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down, out of concern of his employees; methanol is a very hazardous chemical.  
Furthermore, ethanol is available domestically for $147 for 55 gallons ($.70 per liter) 
from a nearby sugar-processing factory.  The use of alcohol in this process helps remove 
glycerin from the oil. The ethanol is mixed with the oil for approximately two hours.  It is 
crucial that the glycerin is removed; if not, use of the biodiesel will leave a sticky residue 
behind, shorting the life of engines and other machines. The sodium hydroxide is the 
smallest input cost RTIC incurs.  It is $2.74 per 1,000 liters but a batch only requires 1% 
of the weight ratio of sodium hydroxide.  The sodium hydroxide stabilizes the oil for 
glycerin removal.  At a ratio of 99 parts palm oil to 20 parts ethanol and one part sodium 
hydroxide to obtain 189 liters of biodiesel, 37.8 and 1.89 liters of ethanol and sodium 
hydroxide are added to a batch.  After three hours, the transesterification process is 
complete and oil is allowed to settle again and the glycerin is removed. 
 
5.2.6 Washing the Biodiesel: The Final Product 
After the chemical process is complete and the oil has settled, the biodiesel is 
washed several times to remove the ethanol and sodium hydroxide.  Photo 5.10 shows 
biodiesel fuel being prepared to be washed.  Biodiesel to be washed is poured by two 
employees into a trough and mixed using a bucket. The solution is mixed and then 
allowed to sit from 30 minutes to an hour.  The water sinks to the bottom of the trough as 
the oil is manually scooped out with the bucket.  Each time the diesel is washing, it is 
transferred to a new holding tank.  After the third wash, an employee dries the oil.  The 
biodiesel is transferred to the biodiesel reactor for two more hours.  This is the final 
process of manufacturing biodiesel at RTIC.    
 
Mr. Kamara focused a good portion of the interview on the importance of 
washing the oil and the consequences of using biodiesel with traces of glycerin.  He told 
me a personal story of how he first started using the oil without properly washing.   He 
said the generator he used the biodiesel with worked properly for two weeks then stopped 
functioning. He used this incident as an example to teach his staff the importance of 
washing biodiesel.  This happening occurred two years ago and since then, with 
appropriate washing, his business has not had that problem again.  Mr. Kamara uses this 
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biodiesel in his personal vehicles, work tractors and diesel generators.  Photo 5.11 is a 
picture of biodiesel that RTIC produces and packaged in a plastic bottle. 
 
 
 in the washing process, the biodiesel is mixed with twice the volume of water and  
 
 
Photo 5.10: Biodiesel to be washed after the transesterification process. 
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5.3 Other Important Points Mr. Kamara Wanted To Share 
 
In this section I discuss other important topics and issues that Mr. Kamara deemed 
important in the biodiesel production process.  He stated that he received some of his 
knowledge through trial and error, and wanted to share them as pearls of wisdom for 
anyone who may be considering becoming a small-scale producer of biodiesel. 
 
5.3.1 Only Palm Kernel Oil 
Mr. Kamara informed me that he and his staff only use palm oil from the kernel 
of the palm fruit for biodiesel production.  Although there is a current government policy 
in the country that prohibits the use of palm oil from the fruit for other uses, he believes it 
to be immoral and unethical to use palm oil from the fruit as the majority of Sierra 
Leoneans use it for food preparation.  He said he feels comfortable in using palm kernel 
Photo 5.11: RTIC finished product: Biodiesel from palm kernel oil (to far left). 
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oil for biodiesel as it is generally not used for food purposes, though there are some 
accounts that extremely poor people sometimes use it for nutritional purposes.  More 
commonly, palm oil from the kernel is used in soap making and medicinal practices. 
 
5.3.2 Safety  
Mr. Kamara also discussed the importance of having suitable safety clothes and 
trainings, especially for new hirers.  Each of his employees are required to have two sets 
of safety clothing;  $16.50 per person for overalls; $4.11 for safety glasses and  $4.11 for 
safety masks.  In addition, he estimates a training and safety workshop regarding the 
proper usage of machinery and chemicals for new hirers to be $164.40 USD per day per 
person for a three-day training. 
    
5.3.3 Storage  
Mr. Kamara suggests that it would be more efficient for any future producer to 
have at least three times his current production capacity for future expansion.  Although 
his current biodiesel capacity is 189 liters per day, he has maximum storage capacity of 
1890 liters, as he is looking to expand his production abilities soon.  The 1890 liter 
storage tank cost $1,644 to build.  This space stores biodiesel once it is produced. This is 
very important to have good storage because it prolongs the freshness of biodiesel.  
 
5.3.4 How Mr. Kamara Views His Workers 
Mr. Kamara does not view there to be a set number of workers at his biodiesel 
plant, as the workers there also work for him manufacturing machinery.  Generally, 
however there are about five people working on biodiesel production, and two managers 
or overseers.  Mr. Kamara estimated the entire cost production per gallon of biodiesel 
produced to be between $2.46-2.74, depending on palm nut prices.  The price of one 
drum of palm nut, which he buys from surrounding villages, is generally around $2.19. 
Employees work from 8:30am - 5pm, Monday thru Friday with a thirty-minute lunch 
break.  Mr. Kamara views his employees as partners in his business, and he reported a 
current salary of about $82 per month per employee.  He did not tell me how much his 
managers are paid.  
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5.3.5 His Vision for the Future of Sierra Leone 
Mr. Kamara explained that he foresees various pro-bioenergy policy changes 
being brought about over in the next two years in his country.  However, he is very 
optimistic about the future of biofuels in Sierra Leone and chooses not to wait for policies 
to come about.  He talked about being quite happy concerning the possibilities of biofuel 
production from second and third generation feedstock.  The first generation of biofuels 
focused on food crops, however now second and third generation biofuels focus on 
production from non-food crops such as jatropha and algae.  In addition to his other 
activities, Mr. Kamara is also growing jatropha for biofuel experimentation.  His 
experience with jatropha has been a positive one thus far: after six months of growing a 
small area, his plants have begun baring fruit.    At plant maturity, five years from being 
planted, he estimates about three kilograms of fruit per tree.   
 
At present, Mr. Kamara is receiving no government support for his biofuel 
business.  He stated he is not hiding his business but making it highly known.  About a 
year ago, he held an exhibition with the Ministry of Agriculture and the Head of State to 
demonstrate the machinery and production processes at RTIC.  Last, Mr. Kamara said 
that he sees a strong link between the potential in biodiesel production and food 
insecurity, due to the probable link between increases in food production and biofuel 
production.  He believes that improved energy security is one significant answer to Sierra 
Leone’s food insecurity issues, and he stated that cheaper, domestic energy will help the 
price of food become less expensive to grow domestically and import.   
 
5.4 Partial Budget Analysis of RTIC: The Current Prohibition Policy 
 
In this section, I introduce a partial budget analysis (PBA) of Mr. Kamara’s 
expenses, given the current agricultural policy forbidding palm fruit oil for biodiesel 
production.  I discuss the production costs associated with production per liter of 
biodiesel.  This PBA helps identify whether these conditions serve as most profitable.   
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5.4.1 PBA Under the Current Policy 
Diagram 5.1 shows RTICs average variable costs for producing one liter of 
biodiesel under Sierra Leone’s current bioenergy policy. The diagram shows all costs 
associated with production, labor per output, and also conversions factors for units.  The 
costs include the cost of palm nuts per liter of biodiesel produced; cost of transporting 
palm nuts from the village to the firm per liter of biodiesel produced; cost of cracking and 
separation labor per liter of biodiesel produced; cost of oil pressing labor per liter of 
biodiesel produced; cost of filtration labor per liter of biodiesel produced; cost of 
transesterification labor per liter of biodiesel produced; costs of ethanol and sodium 
hydroxide per liter of biodiesel produced and the cost of washing labor per liter of 
biodiesel produced.  
 
It costs $2.19 to purchase one barrel palm nuts from a local village, and then it 
takes two laborers each one hour to load the barrel and transport it to the RTIC site.  One 
barrel of palm nuts weights 180 kg and is assumed to yield 30 percent of its weight in 
palm kernels (Kamara 2010).  Using these conversion factors, the number of barrels 
necessary to produce a kilogram of kernels can be found by multiplying it by a 
conversion factor of (1/180)×(1/0.30). Next, the kernels are converted into unfiltered 
palm oil.  It is estimated that kernels yield 7 percent of their weight into oil (FAO 2002).  
So, kilograms of kernels are then multiplied by 1/0.07 to yield kilograms of palm kernel 
oil.  Then the kernel weight in kilograms is converted to liters by multiplying the 
kilogram weight of oil by 1/1.04 (Yahoo! Finance 2010).   
 
After the kernel oil is filtered, it is transesterified.  In this process, the oil is mixed 
with certain levels of sodium hydroxide (lye) and ethanol.  The volume of oil after 
mixing is 79 percent; therefore, filtered liters of palm oil are multiplied by .79 to get the 
ratio of palm oil to sodium hydroxide and ethanol.  After that process, the unwashed 
biodiesel is then washed for the final product: biodiesel.  Because the literature did not 
suggest otherwise, I assume a 1:1 ratio of unwashed to washed palm oil and biodiesel.  
This process results in the price of palm nut per liter of biodiesel produced.  Using 
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Microsoft Excel, I applied this method to each variable input in diagram 5.1 and 5.2, and 
have reported in table 5.1 table 5.2 the variable, fixed and total costs per liter of biodiesel.   
 
 
 
Variable Input Price per unit  
($USD) 
Unit Conversion 
factor 
Cost per liter of 
biodiesel produced 
($USD/l )11 
Palm Nuts 2.19 Per 180 
kilograms 
1 
0.44 
Transportation 0.47 per hour 2 
0.19 
Cracking labor 0.47 per hour 24/540 
0.23 
Pressing labor 0.47 per hour 8/1000 
0.003 
Filtering labor 0.47 per hour 16/8000 
0.0007 
Ethanol 0.70 per liter 1/3.78 
0.04 
Sodium Hydroxide 2.62 per 1.04 liters 1/3.78 
0.006 
Transesterification 
labor 
.47 per hour 16/189 
.04 
Washing labor 0.47 per hour 8/189 
0.02 
Average Variable 
Costs 
 per liter  
0.96 
Total Production of Biodiesel in liters 
Daily Biodiesel Production    18912 per day 
Total Production of biodiesel per 
year 
   47,25013 per year 
 
  
 
 
In the base scenario, it costs $.45 per liter of biodiesel produced for palm nuts.  
Transportation labor of a barrel of palm nuts from a village to the site costs $.19 per liter 
                                                      
11 Kamara 2010. 
12 Kamara 2010. 
13 Assuming the processing site operations 8 hours a day; 5 days a week, 50 weeks a year, 250 days a year. 
Table 5.1: BASE SCENARIO: Average variable costs associated with one liter of biodiesel 
produced at RTIC with current government policy. 
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of biodiesel produced.  Each average variable input cost is then summed to obtain a total 
variable cost, which is $0.96 per liter biodiesel produced, which is Mr. Kamara’s average 
variable cost.  At 189 liters of biodiesel per day capacity, then considering 250 work days 
per year, I calculate that RTIC produces 47,250 liters of biodiesel annually 
 
 Diagram 5.2 depicts RTICs fixed cost in biodiesel production.  Table 5.2 shows 
the company’s fixed input costs associated with biodiesel production and then its total 
fixed cost.  The same method is applied to diagram 5.2 to derive each fixed cost in Mr. 
Kamara’s biodiesel production company.  For fixed costs, I assume a simple depreciation 
calculation (Hartwick 1990) of 
 
    AD = CC / N,                 (5) 
 
where AD is the amount of annual depreciation, CC is the capital cost and N is the 
machine’s working life in years.  The building that Mr. Kamara had built cost $12,329 to 
construct.  I assume a life of 40 years for the building (Bureau of Economic Analysis 
2009).  Dividing $12,329 by 40 years results in an annual depreciation of $308.23.  Then, 
I multiply the annual depreciation by the amount of biodiesel produced per year, resulting 
in a fixed building cost for the building of $.007 per liter biodiesel produced.  The same 
method is applied and illustrated in table 3.2 for the company’s other fixed costs. 
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Fixed Input Price per unit  
($USD) 
Units Machine life14 
 Years 
 
Cost per 
liter 
biodiesel 
($USD/l) 
Building 12,329 2,800 sqft 40 0.007 
 
Building Repairs/ 
Maintenance15 
2,192 $ per year  0.05 
Palm Nutcracker 4,110 $ per hour 10 0.009 
 
Palm Kernel Oil 
Press 
4,932  10 0.01 
 
Drying Floor (Rainy 
Season) 
1,644 560 kg per day 10 0.003 
 
Filtration Screening 
System 
2,191  l per day 10 0.005 
 
Biodiesel Reactor 5,069  gal per day 10 0.01 
 
Total Storage Space 1,644 500 gal 10 0.003 
 
6 Sedimentation 
Tanks 
411 1000 l 5 0.005 
 
Training 49516 $ per person  0.01 
Safety clothes 326.2017 $ per person  0.007 
Average Fixed Costs  7,008.73 Cent per liter  0.15 
Average Costs  Per liter  1.11 
Table 5.2: Average costs associated with one liter of biodiesel produced at RTIC with 
current government policy. 
 
In table 5.2 all average costs related to RTIC are listed.  The building has a fixed 
cost of $0.007 per liter of biodiesel produced.  Annual repair costs per liter of biodiesel 
equal $ 0.05.  Total fixed costs are $0.15 per liter of biodiesel.  Combining AVC and FC 
result in a total cost of $ 1.11 per liter of biodiesel. 
  
                                                      
14 Bureau of Economic Analysis 2009 
15 Includes costs for the building repairs, all machinery and equipment per year. 
16 It costs $165 for a three day workshop for 3 people.  Kamara 2010. 
17 Clothing costs are $23.20 per overall/mask/eye gear set.  Each worker is required to have at least two sets 
of clothes.  This cost is multiplied by 7 employees. 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 Mr. Kamara informed me that as the beginning of April 2010, current diesel 
prices in the country were at $4.25 per gallon, which equates to $1.12 per liter of diesel.  I 
assume that Sierra Leone has the same taxing structure, 30 percent, for import fuels as 
South Africa as the prices of diesel is very similar in both countries (Department of 
Mineral and Energy: Republic of South Africa 2010).  This would mean that the domestic 
tax on each liter of diesel imported in Sierra Leone is about $0.34, which would make the 
competitive world price of diesel $0.78 per liter. 
 
My analysis suggests that the biodiesel production site is able to cover all of its 
costs to produce one liter of biodiesel for less than the domestic price.  As Mr. Kamara 
stated, he currently uses his biodiesel for his personal vehicle and for work tractors, and it 
is economically feasible to do so.  However, at the prices listed above, one liter of 
untaxed biodiesel would not be able to compete with the untaxed world diesel price, and 
it does not seem that the firm could sell biodiesel in the competitive market.  Of course 
market prices of petroleum products are subject to wide variation, so reaching a definitive 
conclusion by just looking at one price scenario is not possible.  In the following sections, 
I examine the profitability of biodiesel production under other price and cost scenarios. 
 
5.4.2 Sensitivity Analysis of Labor Cost 
 Prices and costs associated with a small-scale biodiesel firm are variable as prices 
change.  Also, the literature suggests there is a range of various machinery prices 
(Asonye et al. 2009).  In the following sections, I conduct sensitivity analyses of the 
PBA.  The first analysis is with respect to wages.  The Sierra Leone Investment and 
Export Promotion Authority (2010) reports that an average wage for agricultural workers 
is about $0.39 per hour.  But in personal conversation with Dr. Paul McNamara 
(McNamara 2010), who has personal connections to many people in Sierra Leone, 
including university professors and government officials, he mentioned that the average 
wage of an agricultural worker at the University of Njala is about Le5000 per day, which 
equates to about $0.17 per hour. Since wages may vary over time and by region, it is 
desirable to run my simulations under this lower wage scenario.  Table 5.3 and 5.4 adjust 
RTICs average variable cost assuming the lower wage of $0.17 per hour.   
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Variable 
Input 
Price per unit  
($USD) 
Unit Conversion 
factor 
Cost per liter of 
biodiesel 
produced 
($USD/l )  
Palm Nuts 2.19 Per 180 
kilograms 
1 
0.44 
Transportation 0.39 Per hour 2 
0.16 
Cracking labor 0.39 Per hour 24/540 
0.19 
Pressing labor 0.39 Per hour 8/100 
0.002 
Filtering labor 0.39 Per hour 16/8000 0.0006 
 
Ethanol 0.70 Per liter 1/3.78 
0.04 
Sodium Hydroxide 2.62 per 1.04 liters 1/3.78 
0.006 
Transesterification 
labor 
0.39 per hour 16/189 
0.03 
Washing labor 0.39 per hour 8/189 
0.02 
Average Variable 
cost 
 per liter  0.88 
 
Average Fixed cost  per liter  
0.15 
Average cost  per liter  
1.03 
Table 5.3: Average costs associated with one liter of biodiesel produced at RTIC with 
current government policy: Sensitivity Analysis 1-change in labor wage from $.47 to 
$.39/hr. 
 
The lower wage has a notable effect on variable cost of the firm.  Because only 
the wage is changed, only variable inputs are altered.  Some processes’ costs per liter of 
biodiesel fall, including transportation, cracking labor, pressing labor and washing labor.  
Total variable cost decreases to $0.88 per liter of biodiesel, and average total cost 
decreases to $1.03 per liter biodiesel. At this wage rate, a biodiesel firm would be more 
competitive in the domestic fuel market, producing biodiesel for $0.09 less per liter than 
purchasing diesel.  Therefore under the lower wage scenario, if his production is untaxed 
and imported diesel is taxed, the biodiesel producer can make accounting profits.  
Whether those profits are sufficient to cover the opportunity costs of the firm’s owner’s 
human capital is not completely clear.  But by making an accounting profit of $0.09 per 
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liter and producing 189 liters per day, the total accounting profit is about $17 per day, 
which is five-to-ten times the daily wage of unskilled labor.  
 
Variable 
Input 
Price per unit  
($USD) 
Unit Conversion 
factor 
Cost per liter of 
biodiesel 
produced 
($USD/l )  
Palm Nuts 2.19 Per 180 
kilograms 
1 
0.44 
Transportation 0.17 Per hour 2 
0.07 
Cracking labor 0.17 Per hour 24/540 
0.08 
Pressing labor 0.17 Per hour 8/100 
0.001 
Filtering labor 0.17 Per hour 16/8000 0.0002 
 
Ethanol 0.70 Per liter 1/3.78 
0.04 
Sodium Hydroxide 2.62 per 1.04 liters 1/3.78 
0.006 
Transesterification 
labor 
0.17 per hour 16/189 
0.01 
Washing labor 0.17 per hour 8/189 
0.007 
Average Variable 
cost 
 per liter  0.66 
 
Average Fixed cost  per liter  
0.15 
Average cost  per liter  
0.81 
Table 5.3a: Average costs associated with one liter of biodiesel produced at RTIC with 
current government policy: Sensitivity Analysis 1a-change in labor wage from $.47 to 
$.17/hr. 
 
 
 
5.4.3 Sensitivity Analysis of Machinery Costs 
Asonye et al. (2009), cite less expensive prices for machinery than I have used so 
far in my partial budge analyses.  Because of uncertainty with prices of machinery, I 
conduct a sensitivity analysis with respect to other palm oil biodiesel machinery prices at 
the old and new wages.  I change the prices of two machines, the palm nutcracker and the 
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biodiesel reactor, because they had the widest range in pricing. The results of the analysis 
are presented below.  Only fixed costs are changed in the analysis. 
 
Fixed Input Price per unit  
($USD) 
Units Machine life 
 Years 
 
Cost per liter 
biodiesel 
($USD/l) 
Building 12,329 2,800 sqft 40 0.007 
 
Building Repairs/ 
Maintenance 
2,192 $ per year  0.003 
Palm Nutcracker 1,64518 $ per hour 10 0.003 
 
Palm Kernel Oil 
Press 
4,932  10 0.01 
 
Drying Floor (Rainy 
Season) 
1,644 560 kg per day 10 0.005 
 
Filtration Screening 
System 
2,191  l per day 10 0.003 
 
Biodiesel Reactor 1,474  gal per day 10 0.005 
 
Total Storage Space 1,644 500 gal 10 0.05 
 
6 Sedimentation 
Tanks 
411 (6) 1,000 l 10 0.003 
 
Training 495 $ per person  0.01 
Safety clothes 326.20 $ per person  0.007 
Average Variable 
Costs 
 per liter  0.96 
Average Fixed Costs  34,522.91  per liter  0.10 
Average Costs  per liter  1.06 
Table 5.4: Average costs associated with one liter of biodiesel produced at RTIC with 
current government policy: Sensitivity Analysis 2 -change in machinery prices with labor 
wage of $.47 per hour. 
 
 
 The change in the cost of machinery with a higher wage cost allows the firm to 
produce a liter of biodiesel at $1.06 per liter, 4-cents cheaper than before.  At this cost, 
the firm is able to compete domestically with taxed diesel prices.  The next analysis is 
done with the new price of machinery and a lower wage rate. 
 
 
                                                      
18 Kamara 2009. 
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Variable 
Input 
Price per unit  
($USD) 
Unit Conversion 
factor 
Cost per liter of 
biodiesel 
produced 
($USD/l )  
Palm Nuts 2.19 Per 180 
kilograms 
1 
0.44 
Transportation 0.39 Per hour 2 
0.16 
Cracking labor 0.39 Per hour 24/540 
0.19 
Pressing labor 0.39 Per hour 8/100 
0.002 
Filtering labor 0.39 Per hour 16/8000 0.006 
 
Ethanol 0.70 Per liter 1/3.78 
0.04 
Sodium Hydroxide 2.62 per 1.04 liters 1/3.78 
0.006 
Transesterification 
labor 
0.39 per hour 16/189 
0.02 
Washing labor 0.39 per hour 8/189 
0.03 
Average Variable 
cost 
 per liter  0.88 
 
Average cost  per liter  
0.99 
Table 5.5: Average costs associated with one liter of biodiesel produced at RTIC with 
current government policy: Sensitivity Analysis 3 -change in machinery prices with labor 
wage of $.39 per hour. 
 
 
A change in the prices of machine and a lower wage allows the firm to produce a 
liter of biodiesel for approximately $0.99 per liter, versus the $1.06 price shown before 
for the $0.47per hour wage scenario.  Next, an analysis of the $0.17 wage rate is applied 
to the new machinery cost to determine profitability under the new condition. 
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Variable 
Input 
Price per unit  
($USD) 
Unit Conversion 
factor 
Cost per liter of 
biodiesel 
produced 
($USD/l )  
Palm Nuts 2.19 Per 180 
kilograms 
1 
0.44 
Transportation 0.17 Per hour 2 
0.07 
Cracking labor 0.17 Per hour 24/540 
0.08 
Pressing labor 0.17 Per hour 8/100 
0.0001 
Filtering labor 0.17 Per hour 16/8000 0.003 
 
Ethanol 0.70 Per liter 1/3.78 
0.04 
Sodium Hydroxide 2.62 per 1.04 liters 1/3.78 
0.006 
Transesterification 
labor 
0.17 per hour 16/189 
0.01 
Washing labor 0.17 per hour 8/189 
0.007 
Average Variable 
cost 
 per liter  0.66 
 
Average Fixed cost  per liter  
0.10 
Average cost  per liter  
0.76 
Table 5.5a: Average costs associated with one liter of biodiesel produced at RTIC with 
current government policy: Sensitivity Analysis 3a -change in machinery prices with 
labor wage of $.17 per hour. 
 
If a biodiesel firm were able to produce at a wage rate of $0.17 per hour and with 
lower machinery costs, it would be able to compete with the both taxed and untaxed 
diesel imports.  In this scenario, a firm is able to produce biodiesel for $0.76 per liter, 
which is cheaper than the current world market price of $0.78 per liter diesel.   
 
5.4.4 Sensitivity Analysis of Input Prices 
The opportunity cost of using palm nuts for biodiesel is virtually zero. I was told 
by Mr. Kamara that generally the palm nuts are discarded or used to fill holes in the 
roads.  Because of this information, I analyze the situation in which the price of palm nuts 
is lower than the $2.19/barrel price used in my analysis thus far.  I conduct a sensitivity 
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analysis including a lower input cost for palm nuts.  While I imagine that a biodiesel firm 
would pay a positive price for palm nuts to allow villagers to receive some profit, I 
analyze the situation in which the price would be much lower, at $0.50 per barrel. This 
analysis is conducted for the base scenario, with the lower wage rate and then with the 
new machinery prices.  The results are below. 
 
Variable Input Price per unit  
($USD) 
Unit Conversion 
factor 
Cost per liter of 
biodiesel produced 
($USD/l )19 
Palm Nuts 0.50 Per 180 
kilograms 
1 
0.10 
Transportation 0.47 per hour 2 
0.19 
Cracking labor 0.47 per hour 24/540 
0.23 
Pressing labor 0.47 per hour 8/1000 
0.003 
Filtering labor 0.47 per hour 16/8000 
0.0007 
Ethanol 0.70 per liter 1/3.78 
0.04 
Sodium Hydroxide 2.62 per 1.04 liters 1/3.78 
0.006 
Transesterification 
labor 
.47 per hour 16/189 
.04 
Washing labor 0.47 per hour 8/189 
0.02 
Average Variable 
Costs 
 per liter  
0.62 
Average Fixed Costs  per liter  
0.10 
Average Costs  per liter  
0.73 
Table 5.6: Average costs associated with one liter of biodiesel produced at RTIC with 
current government policy: Sensitivity Analysis 4 -change in machinery prices with labor 
wage of $.47 per hour and new palm nut input price. 
 
 If a biodiesel firm is able to purchase a barrel of palm nuts for $0.50 with higher 
wages and lower machinery costs, not only will the firm compete with the domestic price 
of biodiesel but will also be competitive with the untaxed world price.  This implies that 
laborers affiliated with the firm will be able to receive better wage rates and the firm 
owner would still be able to profit from production.  This could mean decreases in food 
insecurity in the country and increases in job security, as labors would not have to be paid 
                                                      
19 Kamara 2010. 
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so little in wages for the biodiesel firm to be economically feasible. Next, an analysis of 
the new input price and lower wage rate is calculated. 
 
Variable Input Price per unit  
($USD) 
Unit Conversion 
factor 
Cost per liter of 
biodiesel produced 
($USD/l )20 
Palm Nuts 0.50 Per 180 
kilograms 
1 
0.10 
Transportation 0.17 per hour 2 
0.07 
Cracking labor 0.17 per hour 24/540 
0.08 
Pressing labor 0.17 per hour 8/1000 
0.001 
Filtering labor 0.17 per hour 16/8000 
0.0002 
Ethanol 0.70 per liter 1/3.78 
0.04 
Sodium Hydroxide 2.62 per 1.04 liters 1/3.78 
0.006 
Transesterification 
labor 
0.17 per hour 16/189 
.01 
Washing labor 0.17 per hour 8/189 
0.007 
Average Variable 
Costs 
 per liter  
0.34 
Average Fixed Costs  per liter  
0.10 
Average Costs  per liter  
0.44 
Table 5.6a: Average costs associated with one liter of biodiesel produced at RTIC with 
current government policy: Sensitivity Analysis 4a -change in machinery prices with 
labor wage of $.17 per hour and new palm nut input price. 
 
 
 With low wages and input prices, the biodiesel production from kernel oil 
becomes extremely profitable, economically was well as accounting-wise.  A firm could 
biodiesel for much cheaper than the domestic and world price of diesel and this could 
mean a strong export market for Sierra Leone. 
 
 
 
                                                      
20 Kamara 2010.
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5.5 Partial Budget Analysis of RTIC: The New Policy Allowing Palm Fruit Oil for 
Biodiesel Production 
 
In this section, I introduce a change in the current government policy, allowing 
production of biodiesel from both palm kernel oil and fruit oil.  The new budget analysis 
shows the new technology and the changes in costs and production.   This section 
explains empirically the range of profitability for a firm that is able to produce biodiesel 
from palm fruit oil.  Diagram 5.3 illustrates the new flow chart with palm fruit oil and the 
new variable costs associated with this change.  
 
Palm fruit oil is bought from local villages by the liter.  It is then transported to 
RTIC and ready to go straight into filtration.  Many of the other inputs that were needed 
(cracking, drying, expelling oil) are no long needed.  The oil is then filtered and 
continued through the same process as palm kernel oil.  Table 5.7 shows the break-down 
of the new variable costs for every liter biodiesel produced. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
67 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 5.3: Flow chart of production and processing palm kernel oil for biodiesel: 
Average Variable Costs. 
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Variable Input Price per unit  
($USD) 
Unit Conversion 
factor 
Cost per liter of 
biodiesel 
produced 
($USD )  
Palm fruit oil .76 Per 180 
kilograms 
1 
0.60 
Transportation .47 Per hour 1 
0.37 
Filtering labor .47 Per hour 16/8000 
0.0007 
Ethanol .70 Per liter 1/3.78 
0.04 
Sodium Hydroxide 2.62 per 1.04 liters 1/3.78 
0.006 
Transesterification 
labor 
.47 per hour 16/189 
.02 
Washing labor .47 per hour 8/189 
0.04 
Average Variable 
Costs 
 per liter  
1.08 
Total Production of Biodiesel in liters 
Daily Biodiesel Production    189 per day 
Total Production of biodiesel per year    47,250 per year 
Table 5.7: Average costs associated with one liter of biodiesel produced at RTIC with 
new government policy. 
 
 
As seen in table 5.7, producing biodiesel with palm fruit oil makes average 
variable costs higher than when producing it starting with palm nuts. Even with less 
labor, total variable costs are $ 1.08 per liter biodiesel, $0.03 per liter more expensive 
than before.  Diagram 5.4 is the new flow chart of fixed cost are RTIC with the new 
government policy. 
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Diagram 5.4: Flow chart of production and processing palm kernel oil for biodiesel: 
Average Fixed Costs. 
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 As seen in the above diagram, some of the machines that are associated with the 
old labor inputs are no longer needed up until the filtering process.  Each fixed cost per 
fixed input is calculated and shown in table 5.8. 
 
Fixed Input Fixed cost per 
unit  
$ USD 
Quantity of units Machine life 
 Years 
 
AFC per liter 
biodiesel 
$ USD/l 
Building 12,329 2,800 sqft 40 0.007 
 
Building Repairs/ 
Maintenance 
2,192 $ per year  .005 
Filtration Screening 
System 
2,191 liters per day 10 0.01 
 
Biodiesel Reactor 5,069 gal per day 10 0.005 
 
Total Storage Space 1,644 500 gallons 10 0.05 
 
6 Sedimentation 
Tanks 
411 L per day 5 0.03 
 
Training 495 $ per person  .01 
Safety clothes 326.20 $ per person  .007 
Average Fixed Costs  5,940.02 per liter  .13 
Average Costs  per liter  1.21 
Table 5.8: Average costs associated with one liter of biodiesel produced at RTIC with 
new government policy. 
 
 
Given the assumed prices, the results from the above analysis suggest that 
production of biodiesel from palm fruit oil costs $1.21 per liter biodiesel produced.  This 
number suggests that biodiesel from palm fruit oil under current conditions is not 
competitive with taxed or untaxed imported diesel, or with biodiesel produced with palm 
kernel oil.  It costs about $0.10 more per liter biodiesel produced from the fruit oil than 
from kernel oil.  
 
The next analysis includes the new policy and lower wage costs and is depicted 
below. 
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Variable Input Price per unit  
($USD) 
Unit Conversion 
factor 
Cost per liter of 
biodiesel 
produced 
($USD )  
Palm fruit oil .76 Per 180 
kilograms 
1 
0.60 
Transportation .39 Per hour 1 
0.31 
Filtering labor .39 Per hour 16/8000 
0.0006 
Ethanol .39 Per liter 1/3.78 
0.04 
Sodium Hydroxide 2.62 per 1.04 liters 1/3.78 
0.006 
Transesterification 
labor 
.39 per hour 16/189 
.02 
Washing labor .39 per hour 8/189 
0.03 
Average Variable 
Costs 
 per liter  
1.00 
Average Fixed Costs  per liter  
0.13 
Average Costs  per liter  
1.12 
 Table 5.9: Average costs associated with one liter of biodiesel produced at RTIC with     
new government policy: Sensitivity Analysis 5 -change in labor wage of $.39 per hour. 
 
 
 Although the decrease in the wage rates decrease the cost of producing a liter of 
biodiesel from $1.20 to $1.12, it is still not economically feasible under the assumed 
price scenario to produce biodiesel.  The opportunity cost of producing biodiesel from the 
palm fruit oil is high, as seen in the cost of production.  Next, the same analysis is 
conducted with the lowest wage rate. 
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Variable Input Price per unit  
($USD) 
Unit Conversion 
factor 
Cost per liter of 
biodiesel 
produced 
($USD )  
Palm fruit oil .76 Per 180 
kilograms 
1 
0.60 
Transportation .17 Per hour 1 
0.13 
Filtering labor .17 Per hour 16/8000 
0.0003 
Ethanol .17 Per liter 1/3.78 
0.04 
Sodium Hydroxide 2.62 per 1.04 liters 1/3.78 
0.006 
Transesterification 
labor 
.17 per hour 16/189 
.01 
Washing labor .17 per hour 8/189 
0.007 
Average Variable 
Costs 
 per liter  
0.80 
Average Fixed Costs  per liter  
0.13 
Average Costs  per liter  
0.93 
Table 5.9a: Average costs associated with one liter of biodiesel produced at RTIC with 
new government policy: Sensitivity Analysis 5a -change in labor wage of $.17 per hour. 
 
              
             Table 5.9a reports that with a high price of palm fruit oil per liter, and lower 
wage rates for employees, a firm could produce biodiesel for self-consumption as the 
firm would be able produce it for a cheaper price than purchasing diesel domestically, 
however its average costs would still be too high for it to compete with untaxed imports. 
 
             Next, a sensitivity analysis is carried out to determine if palm fruit oil biodiesel is 
profitable under lower machinery costs.  Because the new technology eliminates the palm 
nutcracker, the only machine price that is altered is the biodiesel reactor.   
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Variable Input Price per unit  
($USD) 
Unit Conversion 
factor 
Cost per liter of 
biodiesel 
produced 
($USD )  
Palm fruit oil .76 Per 180 
kilograms 
1 
0.45 
Transportation .39 Per hour 1 
0.16 
Filtering labor .39 Per hour 16/8000 
0.19 
Ethanol .39 Per liter 1/3.78 
0.003 
Sodium Hydroxide 2.62 per 1.04 liters 1/3.78 
0.006 
Transesterification 
labor 
.39 per hour 16/189 
.04 
Washing labor .39 per hour 8/189 
0.007 
Average Variable 
Costs 
 per liter  
0.85 
Average Fixed Costs  per liter  
0.07 
Average Costs  per liter  
0.94 
Table 5.10: Average costs associated with one liter of biodiesel produced at RTIC with 
new government policy: Sensitivity Analysis 6 -change in machinery price with labor 
wage of $.39 per hour. 
 
 
             Table 5.10 shows that if biodiesel from palm fruit oil is produced under lower 
machinery and wage costs, then the biodiesel can again be competitive at the (taxed) 
domestic price.  Under such conditions, producing biodiesel for self consumption would 
benefit the firm, however it would not be competitive in the world market. 
 
            There is a range of price for a liter of palm fruit oil in African countries. Asonye 
et al. (2009) reports that a liter of palm fruit oil in the Congo was $0.45 at the time of 
their study.  I conducted an analysis tests the sensitivity of a biodiesel producer’s 
profitability with respect to a lower input cost for palm fruit oil, lower machinery costs 
and a lower wage.  The results are shown in table 11. 
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Variable Input Price per unit  
($USD) 
Unit Conversion 
factor 
Cost per liter of 
biodiesel 
produced 
($USD )  
Palm fruit oil .45 Per 180 
kilograms 
1 
0.40 
Transportation .47 Per hour 1 
0.31 
Filtering labor .47 Per hour 16/8000 
0.0006 
Ethanol .70 Per liter 1/3.78 
0.04 
Sodium Hydroxide 2.62 per 1.04 liters 1/3.78 
0.006 
Transesterification 
labor 
.47 per hour 16/189 
.01 
Washing labor .47 per hour 8/189 
0.03 
Average Variable 
Costs 
 per liter  
0.79 
Average Fixed Costs  per liter  
0.09 
Average Costs  per liter  
0.88 
Table 5.11: Average costs associated with one liter of biodiesel produced at RTIC with 
new government policy: Sensitivity Analysis 6 -change in machinery price with labor 
wage of $.39 per hour and new input price of palm fruit oil. 
 
 
             With a lower input price of palm fruit oil along with lower cost of machinery and 
wages, biodiesel production costs are $0.88 per liter.  Under these circumstances, the firm 
can supply biodiesel to itself at an average cost lower than the taxed import price of 
diesel fuel.   
 
Finally, I test the profitability of lower machinery costs associated with palm fruit 
oil biodiesel production with very low palm fruit oil prices and low wages. 
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Variable Input Price per unit  
($USD) 
Unit Conversion 
factor 
Cost per liter of 
biodiesel 
produced 
($USD )  
Palm fruit oil .45 Per 180 
kilograms 
1 
0.36 
Transportation .17 Per hour 1 
0.13 
Filtering labor .17 Per hour 16/8000 
0.0002 
Ethanol .70 Per liter 1/3.78 
0.007 
Sodium Hydroxide 2.62 per 1.04 liters 1/3.78 
0.006 
Transesterification 
labor 
.17 per hour 16/189 
.02 
Washing labor .17 per hour 8/189 
0.01 
Average Variable 
Costs 
 per liter  
0.55 
Average Fixed Costs  per liter  
0.09 
Average Costs  per liter  
0.64 
Table 5.11a: Average costs associated with one liter of biodiesel produced at RTIC with 
new government policy: Sensitivity Analysis 6a -change in machinery price with labor 
wage of $.17 per hour and new input price of palm fruit oil. 
 
 
             The final analysis concludes that biodiesel produced from palm fruit oil is only 
profitable if the firm is able to purchase cheaper machinery, pay less for palm fruit oil 
and pay workers less.  In the event that this situation takes place, biodiesel is competitive 
both for self-use and with taxed diesel imports.  Therefore, a policy change allowing 
biodiesel production from palm fruit oil has to be coupled with a very low-cost budgeting 
scheme in order to be successful. 
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CHAPTER 6: CONCLUSIONS AND IMPLICATIONS 
 
This paper seeks to discuss the economics of small-scale biodiesel production in 
Sierra Leone.  Using qualitative interviews, microeconomic analysis and partial budget 
analysis, I conduct a theoretical and empirical economic analysis of biodiesel production 
in Sierra Leone. In my empirical analysis, I use information from a case study of a firm 
operating in small-scale biodiesel production, run by Mr. Foday Kamara.  I use the results 
to make conclusions about the potential of biodiesel in the country and the affects it may 
have on society. 
 
6. 1 Microeconomic Analysis Conclusions and Implications 
 
The results from my theoretical microeconomic analysis suggest that if palm fruit 
oil can be purchased at a low enough price, biodiesel from palm fruit oil has the potential 
to create new wealth in the country.  Before an assumed policy change which allows 
palm fruit oil to be used for biodiesel production, households trade palm oil between 
other households, and they become either net suppliers or demanders of palm oil.  Then, 
when households begin to sell palm oil in a competitive market, the price of palm fruit oil 
increases, creating different effects to difference types of households.  Households that 
are excess suppliers are made better off from the increase in palm oil prices; they 
experience an increase in wealth by receiving more income per unit palm oil produced.  
Excess demanders, however, experience a loss in wealth; it then becomes more expensive 
for them to acquire palm oil and their real income is decreased. They would have to hire 
more of their labor out into the market to receive the same amount of palm oil prior to the 
price change.  Overall, the country spends less foreign currency in importing diesel 
because some level of domestic fuel is produced.  
 
6.1.1 Effects on the Rural Poor  
It is extremely important to understand the effects of the increase in palm oil price 
to different groups in society as well as to society as a whole.  Not everyone in the 
country will benefit from an increase in the palm oil price that might come about due to 
the policy liberalization.  Some people, the poorest population, may be negatively 
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affected by the consequences of the emergence of the new biodiesel market, and 
consequently be made even poorer.  They are the ones that can no longer afford to 
purchase the same amount of palm oil in the competitive market (excess demanders).  At 
the same time, liberalizing the policy prohibiting use of palm oil in biodiesel production 
has the potential to bring new wealth to the society as a whole.  Conceptually, such new 
wealth could be translated into new possibilities for Sierra Leone. One of the most 
important benefits would be manufacturing jobs created.  Unemployment remains a 
serious problem in Sierra Leone, and the social benefits of creating manufacturing jobs 
are obvious.  Additionally, with more aggregate wealth, it is conceivable that the country 
could choose to use this new wealth to import more food into the country or improve 
infrastructure in the country. The new wealth, which is gained by biodiesel producers and 
those who are affiliated with the biodiesel-producing firms, are able to acquire wealth and 
use it as desired. It could allow people to have better command for food, send children to 
school or pay for medicines for sickness.  In theory, at least, even though the food 
product palm fruit oil is used to produce energy, the country could experience greater 
food security and poverty reductions indirectly through the emergence of a new biodiesel 
market.  
 
6.2 Partial Budget Analysis Conclusions and Implications 
       
Empirical evidence from a PBA of Mr. Karama’s biodiesel production suggests 
that small-scale biodiesel production can be profitable, yet is highly sensitive to input and 
output prices, which are commonly volatile.  Under my baseline assumptions about 
prices, Mr. Kamara’s current cost for producing a liter of biodiesel is $1.11.  This result 
suggests he is able to compete with the domestic diesel market however he seems only 
able to attain break-even accounting profits, and is not receiving a return for his 
investment in his education, talents, skill-set or abilities.  Therefore, although he may 
make an accounting profit, it does not seem that he is making an economic profit.  A 
small-scale firm is able to compete in the world diesel market if it is able to acquire 
machinery for low costs and purchase palm nuts or palm fruit oil for lower costs as well.  
Because of the low opportunity cost of using palm kernels for biodiesel production, I 
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suspect that purchasing palm nuts for prices lower than $2.19/barrel sometimes may be 
feasible.    
 
Biodiesel production from fruit oil does not seem to be nearly as profitable under 
most conditions.  If palm fruit oil were used for production, ceteris paribus, it is not 
profitable.  The only scenario in which my research found this method of production to 
be profitable was when input cost of palm fruit oil were low, machinery cost were low, 
and wages were low.  Only under these very particular circumstances, would production 
of biodiesel from palm fruit oil be economically feasible.      
 
6.3 Discussion of the Results: Further Research 
 
6.3.1 High Opportunity Costs for Using Palm Fruit Oil  
In economics, the disadvantage of using some good or service is the opportunity 
cost (Perloff 2001), the next best choice for using that good or service.  In the case of 
using kernels for biodiesel in Sierra Leone, the opportunity cost is quite low.  Though the 
kernels are used by some households for home uses (e.g., soap making), Mr. Kamara and 
Dr. Koroma both suggested that on average households discard them or use them to fill 
pot-holes in the roads.  Therefore, using kernels as a basic source of oil for biodiesel 
production imposes only a small economic costs on society.  The same may not true for 
palm fruit oil, as seen in the PBA.  The opportunity cost of using palm fruit oil for 
biodiesel is quite high; it is better served as a food staple in Sierra Leone.  This is 
reflected in markets:  at average levels of the world palm fruit oil price, biodiesel 
production from palm fruit oil is unprofitable in the scenarios that we examine.  
 
6.3.2 Returns of Scale 
If RTIC increased its capacity and size to become a large-scale producer of 
biodiesel, it is also possible that it might benefit from increasing returns to scale: if RTIC 
increases its machinery capacity by some constant factor (Perloff 2001) (i.e., RTIC 
begins to produce 378 liter of biodiesel per then each machines capacity may increase by 
one) which could result in a decrease cost per liter of biodiesel produced.  How easy it 
79 
 
would be to scale up the production of biodiesel from palm kernel oil is not completely 
clear, however.  The production process is relatively management-intensive, and unless 
production standards are followed closely, damage to engines using improperly produced 
biodiesel can be acute.  Whether it would be economically feasible to adequately manage 
a larger-scale biodiesel production firm in Sierra Leone is therefore an issue that should 
be addressed in further research. 
 
6.3.3 No Taxes on Domestically Produced Biodiesel 
The current tax on imported diesel fuel into Sierra Leone is $0.34 per liter.  I 
assumed in my study that no tax is imposed on domestically produced biodiesel.  If such 
a tax were imposed, it would of course increase the costs of production by firms, and 
might well make production unprofitable.  But there is an incentive for the Sierra 
Leonean government not to implement a tax on domestically produced biodiesel.  The 
market has the ability to create new wealth for the country, create new jobs, and reduce 
poverty.  Allowing the market to grow, giving investors and other interested parties more 
enticement to participate in such a market, would provide social benefits.  The Sierra 
Leone Investment and Export Promotion Authority is currently seeking ways to induce 
investors in palm oil and sugarcane biodiesel production.  
 
6.4 Limitations of This Study 
 
The most important limitation of my study is that the prices and costs of biodiesel 
production are impossible to calculate with certainty.  My analysis examines various 
price situations, and shows that a small-scale biodiesel firm may be profitable in some 
realistic situations but not in others. It is ideal that more research be done with respect to 
prices and costs so that better calculations can be made.  My study serves as a catalyst for 
the beginning of such research.  My analysis examines a story of probable prices and 
costs and how they might affect biodiesel production profitability in Sierra Leone. 
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6.5 Final Conclusions 
 
 Palm fruit oil is a politically sensitive food crop in Sierra Leone.  When I was at 
Njala University, I made a presentation about my current research on biodiesel and palm 
oil.  The audience’s feedback showed great concern about elements of my proposed 
research.  Some locals felt that, given Sierra Leone’s recent history of widespread hunger, 
it was inappropriate to even consider biodiesel production from palm oil.  Listening to 
their concerns, it became apparent to me that my research, although useful, might also be 
controversial, or even taboo in Sierra Leonean society.  I have attempted to respect these 
concerns and still analyze the difficult question of what might happen to food security 
when a government policy meant to preserve food security was abolished.  Some of my 
conclusions may be counter-intuitive to many Sierra Leoneans.  I conclude that if 
liberalizing a policy meant to preserve food security ends up creating wealth in a society, 
then if that new wealth if properly utilized and equitably distributed, the society’s food 
security can actually be increased.  Clearly, and understandably given Sierra Leone’s 
recent history, such policy liberalization may simply be politically infeasible.  
Nevertheless, it is my hope that my thesis adds information to the already fascinating 
biofuel debate in Africa.  It is also my hope that more extensive attention is given to the 
possibilities of biodiesel production in Sierra Leone for the sole purpose of poverty 
reduction and greater food security. 
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